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ABSTRACT

The presence of non—linear behavior in potentiodynamic

polarization plots has resulted in difficulty in determining

the Tafel constants from such plots. A FORTRAN baéed praogram

involving numerical differentiation techniques using a

graphical display was used to determine the existence of the

Tafel regions.

Various alloys polarized

3.57% NaCl solution were analyzed.

Al though

in synthetic seawater and a

severe

concentration polarization often dominated the cathodic

branches the techniques employed did allow for the selection

of regions which approached linear behavior.

The effects of

concentration polarization in hindering the determination of

Tafel constants were exemplified by the uncovering of a

cathodic branch containing a small region where only

actvivation polarization dominated followed by the onset and

total damination of concentration polarization.

A method of determining where the anodic and cathodic

currents begin to dominate the potentiodynamic polarization

curve is introduced.
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LIST OF SYMBOLS USED N

cm= centimeter squared An

C.R. corrosion rate ‘%
Ecore corrosion potential of a sirngle metal ¢

Peore corrosion potential of a single metal ;

A

E oxidation potential 'y

] reduction patential i’

E.W. equivalent weight :

lecore corrosion current density of a single metal ?;

io current density E

]

io equilibrium exchange current density *

ic limiting current density &

mpy mils per year &i

. mV millivolt

uA microampere g:

' 8 Tafel slope Q(
Ba anodic Tafel slope ]

Be cathodic Tafel slope :

V4 polarization %

7L activation polarization :J

< concentration polarization E:

PAR Princeton Applied Research :

PDP Potentiodynamic polarization L
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1. INTRODUCTION

Recent studies at the Naval Postgraduate Schoaol have

.

centered on the vibrational characteristics of certain high-

PO e g G

damping alloys, [(Refs. 1 - 8]. Most of these studies have

51

been concerned with either the measurement of the damping

capacities of these alloys and/or with the heat treatments

[

necessary to attain the micraostructures associated with the

observed high—-damping capacities. In addition, two separate

=Tl

studies were conducted in an attempt to determine the 3
corrosion characteristics of these high damping alloys in
marine environments. -

In the studies involving corrosion characteristics, both

\
laboratory and actual marine environment exposure ;:
experiments were conducted. The actual marine environment \
exposure tests calculated corrosion rates based on direct E
weight loss methods. The laboratory tests conducted were E
Linear Polarization and Potentiodynamic Polarization in En
synthetic seawater [Ref. 9] and a 3.54Z NaCl solution [Ref. E’
10] environments. Although the correlation between the

laboratory and direct exposure methods was good, the :
individuals involved in both of these laboratory studies §
expressed concern with the difficulty in determining the !
Tafel constants necessary to determine corrosion rates. E
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The actual experiments were conducted on the EG&G

Princeton Applied Research Model 351 corrosion measurement

system. The Modedl 351 utilizes a PAR Model 1000

microcomputer featuring two Motorola 6B000 micraoprocessors
and a touch-screen input to create an environment which is
well suited for conducting various corrosion tests. The
system is, however, limited by the lack of a key board and
more importantly by an operating system which is proprietary
in nature. These two combine to make any analysis of
experimental data, other than by the means provided with the
operating software, impossible unless the data can be

transfered to another computer.
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II. DATA TRANSFER

The PAR 351 and its associated software has the ability

B -

both to plot the results of an experiment and to send just

- o>

the data points to a printer via an RS 232 serial port.

Al though the software supports only Houston Instruments =
i/ plotters, the printer option is configurable for numerous

printers as long as the printer supports DC1 (XON, ASCII 17)

and DC3 (XOFF, ASCII 19) protocol. Other RS 232

requirements such as baud rate, parity, word length, and

P

: stop bits are configurable as the user sees fit. J
During the initial data transfers, in the present work, 3
Hayes Microcomputer Inc. SMARTCOM II modem software was f
used to capture the data. This method was successful most 3
. of the time but since the two systems were not using modems :
of] W
/ but instead were directly connected via their serial ports ;
, some problems were experienced and editing of the data file
d
) after transfer was always necessary. The most serious .
i v
. -
R detraction was the need to wade through various menus in
" S
g order to accomplish the transfer.
'
¢
l In view of the both the problems experienced with using J
o .
& SMARTCOM II and the neccessity for the user to be familar X
with the way SMARTCOM II works, it was decided to write a
W
- X
\ ‘e
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A
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data transfer/capture program which would both speed
execution and eliminate the need for user knowledge of
communications software.

Using the sample TTY data transfer program included in
the manual for Microsoft GW-BASIC version 2 [Ref. 11] as a
core a BASIC program was written to accomplish the transtfer.
The core was modified to eliminate the transfer portion and
most importantly line feeds and carriage returns sent by the
351 were automatically deleted and a carriage return was
inserted only at the end of a line containing data. This
eliminated the problem of blank lines appearing within the
data file corresponding to page headers and footers. Other
modifications which were made involved checking for and
carrecting two formatting variations which resulted in
compatibility problems between the transfered file and its
use in FORTRAN application programs. The first involved a

change from a floating format to a exponential format when

the potential was equal to 0.0000 volts. The 351 normally
sends potential with 4 significant digits. When the
potential is 0.0000 volts it is displayed as —XXE-12. The
formatting shift is not compatible with any FORTRAN formats
as the total field width changes in addition to the minimum
number of available digits. This occurance is now trapped
and the file modified to reflect the actual potential of
0.0000 volts. The second formatting variation always

occured and did so in a region which was of extreme interest

10

'\f'l"J" . s \\" .



as follows. When the current density changes from neqgative
to positive there is a range where the exponent is E-12.
Unlike FORTRAN write statements which always reserve a space
for the + or - sign, ie. the + sign is not printed unless
specified, the 351 used the space for the - sign if present
or for the first digit if not. Again this resulted in a
change in total field width at the occurance of —-a.bcdE-12.
The FORTRAN read statment would read this to be —-a.bcdE-1.

This was handled by simply deleting the least significant

ot

digit such that the number is read as —a.bcE-12 when this S
ar

occurs. :
In its final form the data transfer program requires the !}

"

&

user to reply only a to a (R)eceive or (E)xit prompt and to j

enter a file name if the (R)eceive option is selected.

N NSO

Because the 351 can not write a selected configuration to
disk the user is still required to properly configure the

351 to the proper settings when powering up. These are:

PROTOCOL - PRINT
PARITY — NONE
BAUD RATE - 2400
STOP BIT -1

WORD LENGTH - 8

Once these options are properly set on the 351 the
desired data file should be loaded into the 351 and

formatted into the linear option. At this point the user
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\ selects the (R)eceive option on the 72248, presses the "PRINT y
DATA" prompt on the screen of the 351 and enters a filename f
on the Z248. h
L]
i The final version of the data transfer program was :
N [
! compiled using Microsoft‘'s BASIC compiler Version 1.0. By y
]
eliminating the writting of the data to the screen in L
i addition to the file and using the compiled program vice the i
1 '.
BASIC interpreter a file which will use 60K of disk space i
o
can now be transferred in under 5 minutes as opposed to the 3
0
20 minutes 1t took with SMARTCOM II. A listing of the f
)
y program is included in Appendix B. !
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1II. CORROSION RATES

L ol i ok W )

) A. THEORETICAL EGQUATIONS

-
r

In general the corrosion behavior of a metal can be

LA R

described by the use of the Nernst equation, activation

.

patential, concentration potential and mixed potential

theory.

The Nernst equation is a modification of the Gibb's

Free Energy equation and expresses the tendency of a
corrosion reaction to proceed in terms of EMF based aon the

! activities of the products and reactants of the 1/2 cell.

' E = E® - Riloge.(Q)
y nF

TP P RA AL R A ™

= Electrode oxidiation potential
0 (¢ for reduction)
‘ E® = Equilibrium oxidiation potential
4 : (#» for reduction)
Gas constant
Temperature “K
Number of electrons taking part
The Farday
Activities of products/activities of
reactants

WS L

OM3I -«
T TS TR

FALRAL S

The potential of the cell is the algebraic sum of

NN

oxidation and reduction 1/2 cells.

.
.
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Activation polarization describes the current density 5
v

which exists when the cell is polarized. >3

lanoase = ioexp(+ZFaE/RT)

ic.thod&: = ioexp(—ZF(l"a)E/RT)

o
s
!
o
lo = equilibrium exchange current density -
Z = Valance of the active species b
E = Polariztion about the equilibrium potential "
a = fraction of E which applies tO iancaic N,
R,T,F as above "f
‘.r
e,
a2
By manipulating the above equation the activation =
~
polarization 7. can be written as: »
N\
P
(o
7. = B lﬂgxo (id/ic) ‘L
B = 2.3RT/alF }”
I
I,
op
Although activation polarization occurs for both the -
Y
anodic and cathodic reactions the cathodic reaction can also 4
l' '
be effected by concentration polarization. When this occurs n&
Y
the reduction reaction occurs at such a rate as to decrease :"
’
the concentration of ‘ons in the solution near the surface Qf
of the metal. This results in a change in the potential of ?ﬂ
the 1/2 cell reaction since the effective activity in the 74
Nernst equation changes. :55
::'\
if*
]
14 ; W
|..
o'
e
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The concentration peolariztion . is expressed as:

7=..

= 2.3RT logio (1 ~ia i)
nF

operating current density
limiting current density

"
r
Won

The limiting current density is inversely proportional
to the thickness of the diffusion layer. This thickness is
dependent on various geometric and environmental factors and
can often only be determined experimentally. The effect of
concentration polarization can be minimized by agitating the
solution, thus decreasing the layer thickness, or, as in the
case of oxygen reduction, by heating the solution to reduce
the concentration of the dissolved gas. Both of these means
of dealing with concentration polarization may significantly
alter the desired corrosion environment and distort the
correlation between the experimental results and the actual
in—service corrosion rates.

In the absence of concentration polarization a dynamic
polarization diagram of a cell reaction would appear as in
Figure 1. The slope of the anodic and cathodic curves
de/d(l0gio ia) would be given by B as described in the
activation polarization expression.

Most cells are affected by concentration polarization
such that the cathodic polarization ’7= 2‘/7,. = 7- +7,.._. The

effect of this is shown in Fiqure 2. It is obvious from

15
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this that logio (ia) approaches logio (i) the linear

behavior of the polarization curve is distorted and in cases

»---

where i and i, are not sufficiently separate, a linear

reqion may not exist.

o e o 4 -
-

Mixed potential theory concerns concerns the immersion - .
of a single piece of metal into an electrolyte and the
subsequent reactions. The theory consists of two simple

K hypotheses.

g i R

- dan
et

1. Any electrochemical ~raction can be divided into two or

more partial oxidiation and reduction reactions.

-
A-A

2. There can be no net accumulation of electrical charge

y during an electrochemical reaction. [Ref. 12 : pp 314] I

It is these hypotheses that allows for the

\ determination of two important parameters necessary for
estimating corrosion rates. When the cathodic branch of the :
1/2 cell with the highest equilibrium potential intersects
the anodic branch of the other 1/2 cell the corrosion "
4 potential dco..~ and the corrosion current density ico.~~ Ccan -
be used to estimate corrosion rates.

When the corrosion system consists of only a single -
4 metal in contact with a solution which contains a single

reduction/oxidation reaction the overall reaction is the

linear sum of the reduction currents and the oxidation - R

currents. !

) 16 K
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If the solution contains more than one ;f
reduction/oxidation reaction the overall reaction may gx
proceed as the linear combination provided that the Hﬁ
equilibrium exchange current densities of the secondary R
.
reduction reactions are within one order of magnitude of the ‘é
main reduction reaction. The secondary oxidiation reactions .
proceed in the same manner. As a result the secondary redox ;
reactions affect either, both, or none of the branches of ;E'
the overall reduction/oxidiation reaction. [Ref. 13: pp. é‘
ot
1991 ,?;t
I1f concentration polarization is not present both the 2,
anodic and cathodic polarization curves would consist of a L
D&
of horizontial lines, representing the current added by the :\E
reaction at that potential, and slanted lines of some sliope '%
8 representing the activation polarization of all the “#
oxidation or reduction reactions which are influential at : :
that potential. In the presence of concentration J
polarization the possibility of introducing numerous non-— ﬁ:
linearities into the cathodic branch is distinct. As the ?ﬁ
s
overall reduction reaction is the sum of all the influential L‘
reduction currents any region could consist of zones where :1
the activation polarization of the ith reaction dominates gt
the concentration polarization of the (i-1)th reaction. EE
This can make the potentiodynamic curve extremely difficult o
to analyze. gk
Y,
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M) B. DETERMINATION OF CORROSION RATES

ﬂ( As previously described the presence of numerous
electrodes and/or metals in the corrosion system can

A, significantly alter the shape of the polarization curve.

Despite this if it was possible to design a current

measurement system that was capable of measuring only the

}5 anadic and cathaodic currents the determination of icoe-er
;F could still be simply made since 1l0gQin ico~~ would be at the
- intersection of the anodic and cathodic branches of the
& polarization diagram.
In the real world polarization curves take on a 'Y’

o shape as a result measuring instrument limitations and the
b
?i complexity of the corrosion environment. @co~~ Can be
Eh measured directly since it is the equilibrium potential of
e the system. As the potential is scanned towards @co.--~ the

“~

3: net current (ilancdic — lcatraasic) 15 measured. Only when
,;é the potential is displaced far enough from ¢:o..~ does one of
kK the two currents overwhelm the other and does typical Tafel
.':: behavior take place.
3b The presence of numerous 1/2 cell reactions,
3 concentration polarization and the need for one of the

g. currents to overwhelm the other can all combine to make the
el
,..Q determination of ice.. difficult.

2 If concentration polarization is not present at some §¢
§ from Vco-~ the polarization diagram should adopt true linear
E behavior. The amount of §¢ at which the curve should adapt
fad

D
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linear behavior is in i1tself open to disscussion. Ailor
states that &9 should be at least 50mV from éco.~.~ (Ref. 14:
pp. 199]. Once the linear regions are found two methods can
be employed to determine icor-- The simplest is to draw two
straight lines from the linear regions towards ¢co~~. The
two lines should intersect at icor~- A second method is to
measure the slopes B (Tafel constants) of the linear regions
of the anodic and cathodic branches. These values can be
used in conjunction with data determined from a polarization

resistance test to determine the value of i-.o~+~ by use of

the equation:

= BcBa )
2.3(Bat+B)PR
?
If concentration polarization is predominant over the

icorr

cathodic region of the polarization curve, the so—-called

‘knee’ method is often employed. In this method a tangent 1s

drawn on the knee of the cathodic branch such that the

angles formed on both sides of the tangent with the cathodic

branch are equal. When this has been accomplished either of

the methods discussed in the previous paragraph may be used.

Many other methods have been developed to determine

lcorr- Or to determine corrosion rates directly from

polarization data. Princeton Applied Research uses a Chi-

squared minimization technique. This technique is included

in the software package which operates their Model 351

corrosion measurement system as PARCalc. By by their own
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admission, since the program is terminated based on a change E
in the average value of the square of the relative :}
deviations between two successive iterations, it is iy
necessary to determine the Tafel region before starting the :.
process. [Ref. 15: pp IX-10])] E:
LeRoy [Ref. 16:pp 1006-1012] postulated the 3
determination of Tafel Slopes based an polarization Es
resistance techniques. Without repeating the entire i‘
discussion it is sufficient to say his method of determining :
Tafel slopes based on expected values from activation and E{
concentration polarization expressions, based on the si
K

assumption that the parameters necessary to evaluate those

Xt

expressions were available, did not accurately describe the

observed values. [Ref. 17: pp 1988-1989] )
It would also seem possible to solve the overvol tage ?L
expression for the terms in question. Recalling the F
¢
overvol tage expression: :ﬁ
3

@ — Pcorr = Bclogio(ia/Zic) + 2.3RT10g10(l — 1a/ic) s
nF =3

i
The problem is that ., ic and i_ all represent unknowns %f

and the i term is located in such a manner as to complicate %
-.\
SN
the solution. oA
o
)

“u

.\‘-
nN d
N

Y
N
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The 1logioc (1 - ig/iL) term can be replaced by the series
expansion:
1agio(l1+X) = 2.3[ X - X= + X3 - X* ... +(-1)~*1x"]
2 3 4 n
where X = —ig4/ic

The final equation to be solved would be:

P — Pcorr = BelOgiol(ia)-Bclogiol(ia)+2.3[(2(-1)""*X"]
n

The difficulty with this approach is that a

sufficient number of terms must be carried in the series in

order to accurately represent the logio teram. This causes

two severe problems. The first is n+2 data points must be

used to solve the system of equations. When one considers

that iq is normally on the order aof vA/cm®, exponentiating

it to the nth degree can easily result in a matrix to be

solved invaolving coefficients of 30 or 60 orders of

magnitude. The end result is that while the system can be

solved such that the coefficients determined will result in

the accurate representation of the actual overvoltage, the

coefficients themselves have been influenced by round-off

error and catastropic cancellation, and represent merely

numbers.

The other prablem exists with attempting a solution of

this form. As discussed previously with the possibility of

mixed electrodes, the associated redox processes may or may

not effect the overall behavior of the system. Even if the
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limiting current densities i_ were all known, it would still
be necessary to determine their effect on the overall
process 1in order to include them in the system of equations
to be solved. As a result, for m different electrodes, m
experiments involving just the electrode and the metal would
have to be carried out just to determine their influence.
Consider the use of such a method with synthetic seawater.
At least 10 different chemical substances could effect the
overall reaction in addition to the major metal oxidiation
and hydrogen reduction reactions. 1[It should be obvious that
if the limiting current densities are not known the size of
the system of equations to be solved could easily exceed the
number of available data points. More importantly, one
would have to assess the advantages of performing a
polarization in a mixed medium if the same test has to be

performed separately on the individual components first.

C. CALCULATION OF TAFEL CONSTANTS

In order to determine the location, if one existed, of
the anodic and cathodic Tafel regions two numerical
differentation techniques were employed. These two methods
were the Four Point Central Difference method and the us: of
a Cubic Spline interpolating polynomial. A graphical

display of the derivatives allowed the user to determine the

22
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region of linearity. Once this region was determined a

first order linear regression is performed on the oriqinal
data within the reqion to determine the Tafel slopes.

1. Four Point Central Difference Method

When the data points are equally spaced the Central
difference method may be used to approximate the derivatives

at a point. The use of this method can result in
considerable time savings over the cubic spline methad as
the derivative can be calculated without having to resort to
the solving of a system of equations for each point in
question. The method is not as accurate as the cubic spline
method and graphical representations of the derivatives will
often contain more "noise" than those derived from the cubic
spline method.

The four point Central Difference formula for

computing derivatives is:

de = __i12h e
d(loQio ia) B(Ff, — f—1) + (2 — f2)
Where:
h = o — P1+1
fan = l0gio(is) at the Ith location from

logio(ia):
The Central Difference method has an error term
associated with it. In this case the error term i1s on the
order of 1/h*. Although this may appear to be a substantial

term, it should be remembered it is a possible error, the

23
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method is only being used to determine the Tafel reqgion and
when used the Tafel constant is inverted so the error term
would actually be h=.

2. Cubic Spline Interpolating Polynomial

When trying to numerically deterwmine derivatives of
experimental data which may or may not be equally spaced the
use of interpolating polynomials is often suggqusted. One of
the most accurate methods is to pass a cubic spline thru the
data points and then to differentiate the resulting equation
to arrive at the derivative at a desired point. [Ref. 18:
pPp. 242]

The advantage of using a cubic spline is that in
deriving the system of equations to arrive at the constants
a,b,c, and d which form the equation:

y = ar(x = x3)= + by(x = x3)= + cx(x — xz) + dx

the system is formed in such a manner that the value
of the function, first derivative and second derivative are
the same for the pair of cubics which join at each point.

This requires that:

Yy’ Jazr{x — x3)= + 2by(x — x3z) + Cx
and y' ' = Gax(x — x1) + 2b;
In order to simplify the the mathematics involved

the equations for the system are written in terms of the

second derivatives of the interpolating cubic S;.

24
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The resulting interpolating cubic will then take on ;f
-
o
the form of: =
-
®
hr—1S51-1+25: (h1 -1 +5;)+h1S1+1=6(Y1+1-Yz:)~ (Yi-Yi-1) '»'-"
hy bx—y q&‘
~
=X
where hy = x - xg o~
l\*
)
Solving the system leads to the following operations X
n
J.N
to determine the values of ay,b;,c;y and d;x. j:'
‘-,
ay = (Sxo; - Sx)/bhx ::':"
by = S1/2 ;
Cx = ((yYxes — Yi)/hzr) - ((Z2hzxSz: + hiS:+1)/6) Y
dye = Y2 o
L} |l
The resulting system of n - 2 equations in S; :

involves n pairs of data points in order to generate the
required number of equations. To arrive at the two
additional equations to solve for S, and S,,, constraints are

specified which pertain to the conditions at the ends of the

4

’ .:"’.1'

curves. The three choices for the end conditions are:

L'y ¥y VA

Pl

3

.

)

(;'4’

1. S: = S8, = 0, which implies that the end cubics

7_

approach linearity at their extremities.

’

:4‘ o

S Yy
(s

(3

S

2. S, = S22, S5~ = Sn-1- This assumes that the end cubics

approach parabolas at their extremities.

S

3. S, is a linear extrapolation of S5, and S>. S. is a

7/

linear extrapolation of S,.->- and Sn—;.

"
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o
r In this case since the interest is in determining
Y
5%
ﬁ& the derivatives de¢/d(logio ia) pointwise, and not in
i

developing an interpolating polynomial, it was decided to

Q use the end conditions of S, = 5§, = 0, and to use enough
Ly
|l"
;&~ data points as to force the inconsistences caused by the
b0
assumed end conditions away from the point in question.

‘NG

n Four data points on each side of the point in question were
-

vb; used in determining the the derivative at the point in

oW

W
¢ question. This resulted in the solving of a 7 x 7 system of
Qb

"y equations for each data point. By locating the point in
3& question in the center of the data set, the accuracy of the
= estimate involved was improved, and the mathematics involved
o
'i: in determining the derivative were simply solving for cs.

Caf

'3 4. Linear Regression

a

:’ Once the anodic and cathodic Tafel regions have been
\.‘P-

~ﬁ determined, the data points which comprise these regions are
o

}: used in a least squares curve fitting routine to determine
04

.

’ an equation of the form:

f'

:: ¢ = A(logio (ia)) + b,

?i where 3 representé the Tafel slope. The values of a
A and b are found by solving the two following equations
-F.'.

’-‘ .

o simul tanecusly.

S

,.\ 3 - -

"'-, AZ(10gia(ig)z)® + BE(10giolia)i) = Z(10Qio(ia)s) (@)
N FE(logiclia)z) + BN = Z(Pz)

o . N |

s where N is the number of points in the Tafel region.
‘ 4

l.

Kot
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tions Affecting Method Selection
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When the PAR 351 Corrosion Measurement system scans

§ the potential during a Potentiodynamic test the current 1is d
g measured at intervals of 2mV or 0.5mV of potential, :
? depending aon the relative change in the current. The b,
A sampling rate is normally 0.5mV when the current shows a

: substantial change and 2mV when it does not. This usually

’S results in a sampling rate of 0.5mV in the Tafel reqions,

% although severe concentration polarization in the vicinity

? of icar~ may result in a limited number of points having %

0.5mV intervals aon the cathodic branch. Two other aspects

may also effect the potential intervals at which the current

~ .
XE appears to have been sampled. E
Ep When data is sent out the serial port, the 351 }
( narmally uses a format similar to the FORTRAN Ga.b type. ]
3 Not counting leading zeros, four significant figures are ’
: used. This results in a problem in the recaorded potential A
P values. When the potential is greater than or equal ta 1.0

B volts, or less than or equal to -1.0 volts, only three

< \
> decimal places are carried. As a result, when the values of i
: Pcorr~ fall in this range and the scan rate is 0.5aV, the

: recorded data seems to reflect that the potential has not

; changed for two successive current measurements. i
o Since the potential is being scanned it is rather
)

? obvious when this occurs that the recorded data does not

E accurately represent the experimental data. Since this )
' W
P 27 »

- s -

B S P A N T N P R A B T N P N N N N N N A L L LA R R T




ARG,

pattern is easily recognized, the array containing the data
can be manipulated to more accurately reflect the
experimental data.

Occasionally the potentials recorded display no
regular pattern and the data, although questionable in
nature, must be used as recorded.

When calculating the derivatives, the anodic and
cathodic branches are performed separately. The
calculations begin at the third data point away from Ecorr
when the Central Difference method is used, and at the fifth
when using the cubic spline method. The calculations
continue as long as the data points continue to suggest a
slope of of the expected sign (+/-). This automatically
excludes the passivating region of the anodic section, as 1t
should since it is not part of the Tafel region, and
excludes the possibility of the program terminating
execution if it were to calculate an infinite slope. In
general this strategy worked as expected and provided enough
data points to properly examine the Tafel regions. The only
experiment in which it failed was for the SONOSTON sample
tested in 3.5%Z NaCl solution. As can be seen by examining
the Potentiodynamic curve of this sample (Figure 3), the
cathodic branch exhibited behavior throughout which caused
either method to terminate execution without generating any

derivatives. The reason for this behavior is unknown.
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IV. GENERAL OVERVIEW OF THE PROGRAM

M) The program was develaped so as ta allow for its use
)
i ' without the suppasition that the user was familar with the
; FORTRAN langauge or with personal computers in general.
E Numerous efforts were made to minimze the possibilty of the
é; program prematurely terminating execution in the event of
. impraper input or through floating—point operations
*E resulting in invalid expressions. By taking advantage of
Ag the color capability of the monitor screen, colors are
y changed with respect to the type of input expected, and to
w. display messages resulting fram either input errors, data
E‘ file format errors or a failure to properly follow the steps
. necessary for proper program execution.
-
i% The program was written using Microsoft FORTRAN
.ﬁ ) Optimizing Caompiler version 4.0. Graphics were achieved
“ using Microcampatibles, Inc.’'s GRAFMATIC library. Plotter
E; support was achieved using Microcompatibles, Inc.’'s
N PLOTMATIC library.
5 A summary of the main program and its subroutines is
;é given below. The main program and its called subroutines
EE are listed in Appendix C. The subroutines are presented in
) the order in which they appear in the main program.
\
; :‘::
>,
, ]
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o A. START.FOR

\

¢,

x)

ﬁ, This is the main program. The name of the first data

file to be used is entered. Following calls to DATAIN,

:? CHECK and DATAM a menu consisting of 6 options is presented:
iy
L
v 1. Plot the potentiodynamic curve
e 2. Generate Tafel Slopes using cubic spline
. 3. Generate Tafel slopes using central difference
N 4. Use another data file
N 5. Overlay two potiodynamic curves
K. 6. Exit
" Option 1 generates calls to GRAPH1 and PLOT
ﬁ} Option 2 calls SLOPE1. Following this a first order
,J linear regression of the anodic and cathodic branches using
.
locations within the original array determined during a call
E to GRAPH1 is performed and the results along with original
‘s
,j potentiodynamic curve are passed to GRAPH1.
"
bt Option 3 calls SLOPE. Upon return from SLOPE this
5 aption proceeds as Option 2 )
-
. Option 4 returns the user to the 3rd executable line of
s
g, START.
;_ Option 5 calls DATAIN, CHECK and DATAM while retaining !
'ﬁ the data from the first file.
i Option 6 obviously exits the program.
[
[
.: B. DATAIN.FOR
AT This opens the input file and, using a formatted read
.2
5 statement, generates the array containing potential and
&)
N current density. Additionally this subroutine counts the \
'; total number of lines in the file. This is done to ensure

30
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ﬂd that formatting changes within the data tile which were not
[
l."t
Ei corrected during the data file transfer will not have not
R caused the array generation to prematurely terminate. If a
IR
4
g3 formatting error has been detected, an error message 1s
Y
md displayed in red and the line number within the file is
.r identified. This allows the user to exit the program and
En )
Y
ks correct the error before continuing.
2
i
o ,
C. DATAM.FOR
Qe
&, This converts the absolute value of the current density
a
av to its logio value and determines the position of E.o,-~ with
ALY
o
: the array.
b .:i
:y
" D. CHECK.FOR
t -..
o
f}? This subroutine determines the number of data points in
AL the anodic and cathodic branches to be used in the
Ll
[
,5: determining the derivatives when using the central
o
'?m difference method. This is done by checking log current
S density for values which might result in the calculation of
S
C:E an infinite slope (normally the onset of pitting or
[\
N . . .
ﬁd passivation) and for equal increments in the recorded
potentials. Occasionally the recorded potentials will not
L]
% reflect the polarization which has taken place. This occurs
~ L]
*l
?& when the absolute value of the recorded potential is equal
n to or greater than 1.0. In these ranges the 0.5mV voltage
0
[
2%
,::"
' 31
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increment falls outside of the total width of the field and
is not recorded. As this is a recognizable pattern, at the

users option the problem can be corrected.

E. SLOPE.FOR
This is the first subroutine called when using the

Central Difference method. It assigns graph titles, axes

labels and calls DATADEL .FOR.

F. DATADEL.FOR
Using the points determined in CHECK, this calculates

the numerical derivatives using the Central Difference

method.

G. SLOPEL1.FOR

This assigns graph titles and labels. It also
determines the number of points, MI, to be used on both
branches in the cubic spline method by checking only for
values of 10gi o current density which could result in the
calculation of slopes of infinite value. It calls CSPLIN.
separately for the anodic and cathodic branches. MI anodic

1s not necessarily equal to MI cathodic.

H. CSPLIN.FOR

For MI number of points, this generates the 7x7 matrix
and the 7x1 vector of values described in the cubic spline

section MI-9 times. As each matrix is formed 1t is solved
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by a call to LINSY1.FOR. Upon return from LINSY1l the 7x1

vector contains the solution which is used to calculate the

derivative.

I. LINSYL1.FOR
Using partial pivoting this subroutine solves the
augmented 7x8 array by Gaussian Elimination. The original

7x1 vector contains the solution {(Ref. 19].

J. GRAPH1.FOR

This is the graphics output of the selected main menu
option. Through the use of the numeric keypad as softkeys
the user can scale the axes as desired. The option to
return to the original graph or the previous display always
exists. When plotting the results of either numeric
differentation method, only those points which consecutively
fall within the desired region are plotted. Once the axes
have been scaled such that graph contains only the linear
region of the anadic or cathodic branches the position of
the start and stop points within the original array
containing the derivatives are saved. Since, when
calculating the derivatives, the data point containing Ecorr
is always used as a reference, ie. (depending on the method)
the first derivative for each initial branch is either 3 or
S points away from Eco.-.~, the start and stop points also
represent the position of the Tafel regions within the

original potential and 10ql0 current density array. When
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%? the graph is not of the numerical derivatives, any data

§U point which falls within the desired axes 1Is plotted. If
‘t. desired GRAPH1 calls PLOT.FOR for a hard copy output ot what
L )
%% is currently displayed on the screen.

)

X K. PLOT.FOR
,'a This plots the graph displayed on the screen. Although
;ﬁ many of the arguments passed from GRAPH1 are used directly
ﬁ:' as passed, this is not a ‘screen dump’. The resolution of
$f the plotter is much higher than that of the screen. As a
ﬁs result what appears to be a one pixel jump on the screen
Li will not plot as such. Two sets of tabulated data may be
';3 plotted on each set of axes. At the users discretion
g% different color pens may be used to plot the axes, first
2: output, second output, and labels.

o

;} L. CONFIGURATION

-

£§ In its final form, the program has been compilied and
‘fr linked into an executable file which runs on a Zenith 248
;\ computer which is equipped with a 80286 microprocessor, an
‘Eé 80287 Numeric Processor Extension, a EBGA graphics card with
‘?f 64K video RAM, and a color monitor which supports the EGA
g; color mode. The plotter used is an Houston Instruments DMP-
';; 40 series digital plotter.

:_ The plotter library is plotter series specific. As a
:§ result of this, the use of a plotter other than a Houston
I

,% Instrument’' s DMP-29 or greater would require obtaining

&
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N another library from Microcompatibles Inc. As many of the
)
z subroutines contained within PLOTMATICS are similar to those

called within GRAFMATICS, it can probably be safely assumed

* that little if any editing of the subroutine PLOT.FOR would

'E be required.

L)

" To use the program with a video configuration other than
;§ that previously described would require editing of the

t

E: subroutines PLOT.FOR, GRAPH1.FOR, DATAIN.FOR, START.FOR and

1

J. CHECK.FOR. DATAIN, START and CHECK would require editing

r% only if the video confiquration was monochrome. PLOT and

"“v

.
Ry

GRAPH1 would require editing for any graphics confiquration

R

other than EGA.
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RESULTS AND DISCUSSION

A. SYNTHETIC SEAWATER

™

- LW

Table 1 below compares the Tafel constants determined by

using the new program with those obtained by Escue [Ref. 9].

TABL

E 1

TAFEL CONSTANTS OBTAINED FROM
SYNTHETIC SEAWATER EXPOSURE

MATERIAL

Ti—5O0Ni

1020 Steel

304 Steel

7075 Al

Fe-Cr—-Mo

Fe-Cr-Al

Cu-Mn-Al-Fe-Ni

Cu—-Mn-Al

Cu—-In-Al

630 Bronze

Ba

0.1400
0.0758
0.0241
0.3790
0.1775
0.1840
0.0399
0.0633
0.0804

0.0403

32 From Escue [{Ref. 9]

Table 2 below compares the current densities and

A"
0.174
0.068
0.178
0.087
0.121
0.180
0.048
0.035
0.062

0.031

Be

0.1155
0.1481
0.0207
0.1584
0.1226
0.1369
0.1579
0.0652
0.0785

0.0724

Bc™
0.132

0.114

0.062
0.141
0.151
0.120
0.045
0.075

0.041

related corrosion rates of the samples tested in synthetic

seawater. The first line for each material represents the

current density as determined by the intersection of the

Tafel lines. In many of the cases the anodic and cathodic

Tafel lines did not intersect at a single point and are
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joined by a horizontal line. In these cases icorr~ wWas

l‘ (

determined by taking the average of the anodic and cathodic

L

lcarr at the point where the lines intersected a horizontal

s A 1-"0 “»

&

line form by @corer-.

The second line represents the results obtained by

W?Z&?‘

combining the Tafel slopes with the polarization resistance 8

Moy

data. *
TABLE 2 o

CURRENT DENSITY AND CORROSION RATES »
MATERIAL icor- icor-*  CR CR* oy
ulh/cm= R/ cm= mpy mpy .ﬂ

g

Ti - SO%Ni 1.245 1.734 0.573 0.799 wy
4.182 4.960 1.822 2.160 ®

1020 Steel 4,212 3.837 1.981 1.805 §$
20.325 17.201 9.580 8.110 o

i

. W
7075 Al 1.413 0.421 0.591 0.176 7
3.067 0.994 1.281 0.415 S

’

304 Steel 0.106 0.728 0.048 0.329 ﬁ.
0.157 1.190 0.071 0.537 -

7

Fe~Cr-Mo 0.750 0.804 0.354 0.380 w
2.294 2.060 1.085 0.974 £

Fe-Cr-Al 0.822 0.830 0.362 0.365 b
1.183 1.240 0.520 0.545 el

.:,\
Cu-Mn-Al—-Fe-Ni 8.241 8.854 4.165 4.070 )
9.662 10.400 4.882 5.260 ;‘
Cu-Mn-Al 2.089 1.119 1.111 0.595 R
1.459 0.894 0.784 0.481c e

v

Cu-Zn-Al 2.239 1.897 1.136 0.963 0
3.780 3.230 1.919 1.640 i‘

630 Bronze 1.762 1.442 0.901 0.737 s
6.878 4.690 3.550 2.420 >~

% From Escue [Ref. 9] e
7
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1. Ti-50%N1 (TINILG)

These results compared favorably with those obtained
by Escue. Figure 4 shows the derivatives as calculated by
the cubic spline method. As can be seen in this figure no
true linear regions are distinquishable in either of the two
branches. When this occurs the "knee” method can be
employed by examining the branches for a range where the
derivatives oscillate about a linear midpoint. In this case
bot- he anodic and cathodic branches showed this
oscillation in the log current density rance of -5.28 to -
5.31. Figqure 5 shows the resultant Tafel lines plotted on
the original potentiodynamic curve. Although the curves
intersect @cor~ at what could be considered to be a single
point the ic.g.~,~ determined in this manner differs greatly
from that calculated by using the Tafel constants and the
polarization resistance data.

2. 1020 Carbon Steel (S1020LG)

Fiqures 6 and 7 show the results as obtained for the
1020 carbon steel sample. Of all of the samples tested this
one exhibited a cathodic branch with the least tendency to
bethave in a linear fashion. If there was any linear
behavior in the cathodic branch it occured at a 10G:io Llcor~
of about -5.2. The anodic branch displayed a much longer
lasting region around 10Gio lflcar~ = - 4.3. This sample also
showed the greatest disparity in the value of i_g..

depending on the manner 1n which it was calculated.
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[ 3. 7075 Aluminum (AL7075L6)

o,

0
h In this case the central difference method showed a
ﬁQ linear region in bath the anadic and cathodic branches. As
1

™
2 can be seen in Figure B the linear reqglians exist at the

~
:g; pronounced peaks in the derivatives. In this case the Tatel
Y lines did intersect at a single point as seen in Fiqure 9.

»

N

\
o 4. 304 Stainless Steel (SST304LG)

]
th The calculated corrosion rates and the respective
a Tafel constants differed greatly from those obtained by
) ]

Y

:g Escue. Althaugh the calculated corrosion rates correlated
\

>
'4Q better to the actual weight loss methods, the need to

S terminate the calculating of derivatives bhefore the onset aof
f: passivity may have caused a linear reqgion in the anadic

S
A
;’x branch to be aomitted. These points can be seen by the sharp
%{
- peak on the anodic branch on Figure 10, and the

"
> \'

o corresponding paint on the potentiodynamic curve Figure 11,
'-:n

’f The Tafel lines intersected at a single value of loGio lcorr
o but this time there was a good correlation between the

%; calculated and graphical icoece-

)

N

N S. Fe-Cr-Ma_(VACROLLG)
W Again the presence of any truly linear reqions is

-,

<, . .

™~ questionable, although both branches, Figure 12, show a

f

Vs
‘Nj range where the deviations from linear behavior are minimal.
|*, Figure 13 once again shows a theoretical intersection of the
W

~

-g Tafel lines.
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2 6. Fe-Cr-Al (VACROZLEG)

)

ﬂﬁ This alloy showed behavior similar to the Fe--Cr-Mo
l'

e

X

alloy described above. What may he considered a truly

:g linear region in the cathodic branch is shown in Fiqure 14

;ﬁ Just to the left of the sharp peak. The overlay of the

?i Tafel lines on the potentiodynamic curve is shaown in Fiqure

- 15. The Tafel constants derived show a closer relationship

.

.}5 to those calculated by Escue, than did a comparision of the

‘.

kLt Fe-Cr—-Mo sample.

P 7. Mn-Al-Fe-Ni (SONOSTLG)

f: SONOSTON, Figqures 16 and 17, displayed a linear

i% anodic branch and, as did maost of the alloys, a cathodic

‘Ej branch effected by concentration polarization.

:t_: 8. Cu-Mn-Al_(INCRLG)

X

i: The result here again showed a linear anodic branch

'ﬂ but in this case the concentration polarization did not )

.

?g overwhelm the cathodic branch in such a manner as to distort

L~ the region where activation polarization is predominant.

E Figure 18 shows the graph of all the derivatives and Figures

j? 19 and 20 show the graphs of the derivatives in what was

Ri decided to be the Tafel region. Figure 21 shows the

;i' original potentiodynamic and the Tafel lines.

‘Ez 7. Cu-in-Al (DLALCLG) b
?' Experinced similar behavior as the Cu-Mn-Al sample. r
? Once again a linear region was very apparent in the anodic 3
v

Ej branch. Figures 22 and 23. 5
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10. &30 Series Bronze (BRNILG) |
This was the only sample of those tested in the L;
synthetic seawater where the Tafel reqgions faor the anodic g.
and cathodic branches were found in the same region of log ;:
lcorr. AS seen in Figure 24 concentration polarization ;
again quickly dominates the cathaodic branch. Figure 25 Py
displays the overlay. ;;
B. 3.5% NaCl SOLUTION '-:':Z
In a similar fashion Table 3 lists the Tafel constants !‘

" ote

and Table 4 the resultant current densities obtained from E{
the samples tested in the 3.5%Z NaCl solution. In general g&
the current results show a stronger correlation with the !
corrosion rates obtained by Akthar [Ref. 10] than did the &;

comparision of the current results with those obtained by
Escue [Ref. 9] for the synthetic seawater.
TABLE 3

TAFEL CONSTANTS OBTAINED FROM
3.5 %Z NaCl SOLUTION EXPOSURE

AN . [
AL ST

MATERIAL Ba B.* B Be®

304 Steel 0.1259 0.4117 0.0951 0.117 ::
7075 Al 0.0116 0.010 0.0383 2.36 ;
Fe-Cr-Mo 0.2821 0.234 0.1053 0.110 EE
Fe-Cr-Al 0.1203 0.214 0.1292 0.1285 f‘..'i
Cu-Mn-A1l 0.0082 0.0137 0.0337 1.379 o
630 Bronze 0.0524 0.570 0.1472 0.321 E\.
% From Akthar [Ref. 10] W
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' TABLE 4
o
.1 CURRENT DENSITY AND CORROSION RATES
"
" MATERIAL icore icorr* CR CR=
,3 uR/cm= ulh/cm= mpy mpy
1
r_ 7075 Al 6.960 7.406 0.048 2.965
ﬁ 10.4460 11.700 1.842 4,685
!
. 304 Steel 0.052 0.100 0.026 0.050
ﬁ 0.012 0.020 0.006 0.010
o
g\ Fe-Cr—Mo 0.043 0.040 0.019 0.018
, 0.609 0.613 0.274 0.276
)
Fe-Cr-Al 0.493 0.660 0.234 0.313
}\ ¢ <6 1.180 0.428 0.551
)
R Cu~Mn-Al 2.864 6.062 1.454 3.078
o 5.251 10.800 2.666 5.483
~ 630 Bronze 0.093 0.129 0.048 0.066
A 3.570 4.480 1.842 2.312
:, SFrom Akthar [Ref. 10]
o
K,
o~ 1. 7075 Aluminum (AL7075)
* In this case the effect of concentration
)ﬁ polarization made any estimate of the cathodic Tafel
«
\; constant extremely difficult. As seen in Figures 26 and 27 . :
)
concentration polarization completely overwhelmed the
D)
(4
-; cathadic branch. As a result only the "knee" method cuold
L%
s ¢ )y
.~ be used, but its accuarcy is questionable. The anodic
- branch displayed typical linear behavior.
% 2. 304 Stainless Steel (SST304)
The cathodic branch of this sample did display a
. linear region located between the sharp peaks in Fiqure 28.
j The anodic branch displayed numerous attempts to passivify
- ]
.4 as seen in Figure 29. ‘
rd
a: 42
"\
)
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3. Fe-Cr—-Mo (VCMOPD)

N
f'q’

%w Similar behavior to the 304 Stainless steel above.
i' ] The bandwidth exhibited by the cathodic branch near 10g9;o

icor~ Of about -~ 6.5 Figure 30, typifies the knee in the

bd curve. Again numerous attempts to passivify limited the
" range of data which could be use in the anodic branch Figure
.
rA
. 31.
b
<
L_ 4. Fe—-Cr-Al (VACAL2)
7~ Both the anodic and cathodic regions, Figure 32,
&
Y displayed a region where the behavior could be considered to
W
S be linear. Although the Fe—-CR-Mo and Fe—-Cr—-Al samples
o tested in synthetic seawater displayed similar behavior, the
<
o)
:: Fe—-Cr-Al sample tested in the 3.5%Z NaCl solution did not
-
o,
.h
ﬂ exhibit the tendency to passivify, Figure 33, as did the Fe-
n} Cr—Mo sample.
.:J
?
X S. Cu-Mn—-Al (INCRMTE)
\l
‘} This sample best typifies the problem associated
. with concentration polarization. On Figure 34 a linear
N
~
‘b; region can be seen in the cathaodic branch at a 10gio0 icarr
g
)
;g of about -5.3. This reqion is followed by a rapid decrease
) in the slope of the curve i1ndicative of concentration
e
b .
;} polarization. When the original potentiodynamic curve is
~!
; viewed thru out its entire polarization range, Figure 35,
P very little can be determined due to the great changes in
,1
32 ) current density on the anodic branch. When the ranqge in the
X
P
<4
Ny 43
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g? cathodic branch displaying the linear bevaior is scaled

it properly a textbook example of concentration polarization is

hr seen, Figure 36. The overlay is shown in Figure 37.

g: 6. 630 Series Bronze (BRZ630PD)

M_ As seen on Figures 38 and 39 this sample experienced .

)

‘b. similar behavior to the one above. All though the linear

fé region directly before concentration polarization is not as

ﬁ‘ well defined the cathodic behavior is dominated first by

- activation polarization and then by concentration

lﬁ; polarization.

3

u; C. COMPARISION OF CURRENT DENSITIES

. In many of the samples tested the corrosion rates as

)

:2 determined by the intersection of the Tafel lines were

5: significantly lower than those obtained by the use of the

2 Tafel Slopes and linear polarization data. As previously

E§ stated the Tafel regions should begin to dominant the

‘§ polarization curve at an polarization increment of about |
"~ SOmV from Ecore-. This implies that a linear region should '
L% ‘
1; not be present at increments less than this. With these

‘g tests a linear reqion was often found within this zone.

.;, Because of the general shape of a potentiodynamic

i polarization curve the resultant lines drawn from this .
§ region will always bhave a lower slope and thus intersect at kL
2 a lower value of i. The disparity underscores the need to )
li use the average of ico-» as determined by the intersection :
7,

;
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of the Tafel lines and that calculated by the Tafel slopes

and linear polarization data when estimating corrosion
rates.

Another interesting feature was noticed when conducting
some data manipulation of the potentiodynamic polarizations
analyzed. When the absolute value of (¢ — @corr-) was
plotted against logio ia in many of the cases the anodic and
cathodic branches began to deviate significantly at a log ig
corresponding to the intersection of the two Tafel lines.
This may be coinicidental but also may warrant further
discussion. When a linear polarizatinon resistance test is
conducted the potential is scanned with a range of @caoerr +/-
25 mV. The polarization resistance is determined by
calculating the slope of the linear region about i = 0
A/cm2. 1f a linear polarization curve is plotted in the
same manner as above, while neglecting the singularity at i
= 0 A/cm=2, the deviation discussed would determine the end
of the linear region. Returning to the equation used to
determine ico.~~ using the Tafel constants and the
polarization resistance it can be shown that in order to the
polari1zation resistance to be a constant that B.B: =
C2(HBatBc), where C is a constant of proportionality. The
current being measured during a potentiodynamic polarization
15 equal to the difference between the anodic and cathodic
currents. Only when one of the currents begins to overwhelm

the other would there be a substantial change in the
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measured current with respect to a given overvol tage. This
would correlate to the deviation between the anodic and
cathodic branches on a plot of the absolute value of (¢ -
Pcorr) vs log (i4). it also should correspond tc the end
of the linear region on the linear paolarization curve since
at this point the constant of proportionality would no
longer be a constant as one of the two branches is beginning
to overwhelm the other. It is postulated that a technique
of this methad could be used to determine the minumium
overvoltage at which the search for a Tafel constant could
begin. It is recognized that this does not account for the
possibility of completely symetric anodic and cathodic
branches but if this was the case there would be no problem

in resorting to the +/- 50mV rule proposed by Ailor.

w®
o
Y
v
o
N
Y
u
«
o
L
e
L
L

=

by @
VRS ERE TR TG TG TR TR S Vel “-yw, . [P L IS PN, T Tt R IR Ry I s i e I I L. TR
B W X '.. 1".. ‘\ \ .\\ '.. ! “* ,‘. " J.' o L3 L0 f"* WSO v ""‘.

B




S an o

VI. CONCLUSION AND RECOMMENDATIONS

The FORTRAN hased graphics program proved to be
extremely valuable in determining the existence of linear
Tafel reqgions particularly in those cases where
concentration polarization dominated the cathodic branch.

With the ability to transfer the experimental data to a
programable computer the opportunity exists to further
analyze the data. This could allow for the determination o+
which electrodes are effecting the main redaox reaction when
the environment consists of a solution of mixed electrodes.
In order to accomplish this it is recommended that a single
high damping alloy be subject to individual potentiodynamic
polarizations containing a single component, at its normal
cancentration, of synthetic seawater. Through the use of
graphical techniques it should be possible to isolate the
influential redox reactions.

In order to accomplish this it will be necessary to
conduct all the experiments in saolutions which contain the
same amount, or at least a monitored amount, of dissolved
oxygen. This is one factor which was not considered in the
previous two experiments and may have made the analysis more

difficult than necessary.
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In lieu of this approach an effort should be made to
determine the limiting current densities causing the severe

concentration polarization.
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APPENDIX B
PAR 351 TO 2-248 DATA TRANSFER PROGRAM

o
4,1,1
KEY OFF:0L.S:0.0SE
DEFINT A-Z
LOCATE 25,1
PRINT STRING$(&0," ™)
FALSE = O:TRUE=NOT FALSE
XOFF $=0HR$(19) : XONS=CHR$(17)
25,20:FRINT "PAR 351 TD Z-248 DATA TRANSFER PROGRAM"
3,20:PRINT "YOU MUST PROPERLY CONFIGLR THE PAR 351.°
5,20:PRINT "AFTER SETTING THE TIM “ND DATE ON THE 351"
7,20:PRINT "PRESS ‘SYSTEM MANAGER' "
8,20:FRINT "PRESS ‘'CONFIGLR SYSTEM'
9,20:PRINF "SET ‘PROTOCOL® TO PRINT"
10,20:PRINT “SET ‘PARITY’ TO NONE®
11,20:PRINT "SET ‘BAUD RATE® TO 2400"
12,20:FRINT "SET °STOP BIT' TO 1"
13,20:PRINT “SET ‘WORD LENGTH' TO 8"
COLOR 14,1,1
LOCATE 15,20:PRINT "PRESS ANY KEY TO CONTINLE”
INKEY$:IF GD%= " GOTO 220

383BEEEYG

:PRINT "PAR 351 TO 7-248 DATA TRANSFER PROGRAM"
INT "PRESS "MAIN MENU® ON THE 351"
INT "PRESS "RECALL /DISPLAY EXPERIMENT "
INT"PRESS "DISFLAY EXPERIMENT ON THE ‘COPY FROM DI’

INT "SELECT THE EXPERIMENT TO BE TRANSFERED"
INT "PRESS "PLOT/FORMAT "
’ PRINT "ENSLRE THE X AXIS IS IN THE LINEAR SCALE"

330 LOCATE 9,20:PRINT “IF NOT IN A LINEAR DISPLAY THEN PRESS"
340 LOCATE 10,20:FRINT “'FORMAT DISPLAY, LINEAR' , REVIEW DISPLAY’ , ‘PLOT
FORMAT

350 COLOR 14,1,1

360 LOCATE 14,20:PRINT “PRESS ANY KEY TO CONTINLE"

370 GD$=INCEY$: IF GO$= “" GOTO 370

30 as

390 COL(R 4,1,1

400 LOCATE 25,20:PRINT "PAR 351 TO Z-248 DATA TRANSFER PROGRAM"
410 SFEED$ = “2400"

420 COF IL$ ="COM2:"+SPEEDS+" ,N,8,1,0S,D5"

430 OFEN COMFILS AS #1

LAY, N [ ‘1- WA \-‘\ ~ _N'.\. "-."..\- " \.‘\- SRR A NN
» L3 L) » - »’ LA L2 . L S F » » .




440 PRINT #1, XOFF$;
450 OPEN “SORN:“ FOR OUTRUT AS #2
460 UICATE 10,25:PRINT "(R)eceive a file OR (E)xit *
470 LICATE 11,37:INPUT TXRX$
480 IF (TXRX$O"R") AND (TXRX$O"E") THEN 440
490 IF TXRX$="E" THEN 1350
S00 A.S
510 COLOR 4,1,1
520 LOCATE 25,20:FRINT "PAR 351 TO Z-248 DATA TRANSFER PROGRAM"
530 COLOR 15,1,1
540 LOCATE 13,25:PRINT "PRESS ‘PRINT DATA° ON THE 351 THEN"
S50 LOCATE 15,30:PRINT "FRESS ANY KEY TO CONTINLE"
S&0 GO$ = INKEY$:IF GDs$="" GOTO 560
570 S
S80 COLCR 4,1,
590 LOCATE 25,20:PRINT "PAR 351 TO Z-248 DATA TRANSFER PROGRAM"
&00 LOCATE 10,20:PRINT “THIS PROGRWM USES A RAM DISK TO SPEED
EXECUTION. "
610 COLOR 2,1,1
620 LOCATE 13,20:FRINT "DO NOT ENTER THE DISK DRIVE OR THE FILE TYFE"
&30 LOCATE 14,20:PRINT "BUT ONLY THE NWE OF THE QUTPUT FILE"
640 COLOR 14,1,1
650 LOCATE 16,20:PRINT "ENTER THE OUTPUT FILE NAME"
660 LOCATE 18,25: INPUT FILS
670 DSK$="D:" :DSFIL$=DK$+FIL$
&80 OPEN "D:TMP* FOR OUTPUT AS 43
&0 N =0
700 OS
710 PRINT #1, XONS;
720 IF LOC(1)=0 THEN GOSUB €20
730 IF LOC(1)>128 THEN PAUSE=TRLE:FRINT #1,XCFF$
780 AS=INPUTS(1,#1)
750 IF (AS=CHR$(10)) OR (AS=C-R$(13)) THEN B$=0-R$(13) :J=J+1
760 IF (AS<OOHRS(13)) AND (AMOOHRS(10)) THEN PRINT #3,A%;
770 IF (J > 3) AND (B$=CHR$(13)) AND (AS=CHR$(13)) THEN PRINT
#3,0-R$(13)
IF (J > 3) AND (B$=OHR$(13)) AND (AS=CHR$(13)) THEN B$=" ":N=N#+1
IF LOC(1)>0 THEN 730
IF PALUSE THEN PALGE=FALSE:PRINT #1,XON$;
GUTO 720
FUR [=1 TO 5000
IF LOC(1)<>0 THEN I = 9999
NEXT I
IF 1>9999 THEN RETURN
Q0SE #3:0.5
Fe$="D:" 0%
OFEN "D:TMP" FOR INPUT AS #4
OPEN DSIFILS FOR OUTPUT AS #3
FORI=1TON
X$ = INPUT$(84,44)
Y$ = INFUT$(2,#4)

.
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930 B$ = MID$(X$,18,9)
940 C$ = MID$(B$,1,1)

950 D%
0 E$
970 F$
980 G$ = MID$(B$,5,1)
I90 HE = MID$(B$,6,1)

1000

1010 Js

1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120

Is

K$

MID%(B$,2,1)
MID%(B%$,3,1)
MID$(B%,4,1)

MID$(B%$,7,1)
MID$(B%,8,1)
MID$(B$,9,1)

it i

FX$ = "-0.000000"

IF
IF
IF
IF
F
IF
IF
IF

2%

(E$ = “E") THEN MID$(X$,18,9) = FX$
(F$ = “E") THEN MID$(X$,18,9) = FX$
(G$="E") THEN MID$(X%$,18,9) = FX$
(H$="E") THEN MID$(X%$,18,9)
(H$="E") THEN MID$(X%$,18,9) = FX$
(I$="E“) THEN MID$(X$,18,9)=FX$
(J$="E") THEN MID$(X$,1° O)=FX$
(K$="E") THEN MID$(X$,18,7)=FX$
= ..E_lz 1

I
-
3
*

1130 A% = MID$(X$,42,1)
AL$=MID$(X$,43,1)
AZS=MID$(X$,34,1)
AS$ = A+ALS

1140
1130
1160
1170
1180
1190
1200
1210

1250 LOCATE 12,30:FRINT "$333TRANSFER COMPLETESXSX"
1260 LOCATE 13,30:PRINT "PRESS ANY KEY TO CONTINLE"

IF (AS$ = “12") AND (A2% = "-") THEN MID$(X$,39,5) = F2$
= MID$(X$,1,1)

P$
IF

(P$ = "P") THEN PRINTH3,X$

NEXT 1
a0 #3:S
1220 J = 0

1230 COL(R 1,5,4
1240 PEFP

1270 GD$=INKEY$:1F GO$="" GOTO 1270
1280 PRINT #1, XOFF$

1290 OLOSE #1

1300 COLOSE #2

1310 OLOSE 43

1520 (LOSE #4

1330 COLCR 1,1,1

1340 GOTOD 380

1350 END
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-~ APPENDIX C
o CORROSION PROGRAM
bl
o x THIS IS THE MAIN PROGRAM. WITHIN IT THE USER ENTERS THE FILE
e X NAE WHICH HE/SHE WISHES TO ANALYZE. FOLLOWING THIS A MENU
% APPEARS ALL OWING THE USER TO SELECT THE DESIRED OPTION.

5 |

e *  THE FOLLOWING WRIELES ARE DEFINED

‘. ]

v % CDATA : THE 2 DIMENSIONAL ARRAY FOR THE DATA FILE CONTAINING
P x POTENTIAL AND CLRRENT DENSITY

‘ s CDATAL: AS ABOVE BUT ONLY LSED WHEN OVERLAYING TWD OLRVES
. % MDATA : A TWD DIMENSIONAL ARRAY (F CDATA BUT NOW IN TER'S OF
P % POTENTIAL AND LOG10 OLRRENT DENSITY
N s XDAT : A ONE DIMENSIONAL ARRAY CONTAINING THE X VALLES
WS ] OF THE FIRST CLRVE TD BE GRAPHED OR PLOTTED

"N % YDAT : A ONE DIMENSIONAL ARRAY CONTAINING THE Y VALLES

s OF THE FIRST CURVE TO BE GRAPHED (R PLOTTED

2 % XDAT1 : A ONE DIMENSIONAL ARRAY CONTAINING THE X VALLES
AN x OF THE SECOND CURVE TO BE GRAPHED OR PLOTTED

i' % YDAT1 : A ONE DIMENSIONAL ARRAY CONTAINING THE Y VALLES
P % OF MHE SECOND CURVE TO BE GRAPHED (R PLOTTED
o s X1 : THE SUM OF THE LOG CURRENT DENSITIES. USED IN THE
. * LINEAR REGRESSION FOR DETERMINING THE TAFEL CONSTANTS
- x X2 : THE SUM OF THE SIUARES OF THE LOG OLRRENT DENSITY
- % INITIALLY USED IN THE SAME MANNER A XI BUT ONCE THE
< X TAFEL. CONSTANT HAS BEEN DETERMINED USED AS THE LOG
o % CURRENT DENSITY WALLE IN CREATING THE TAFEL LINES
o ] XY : THE UM OF THE PRODUCTS OF LOG CURRENT DENSITY AND
‘ : POTENTIAL. LEED IN THE SAME MANNER AS X1 AND X2
] Y1 : THE SUM OF THE POTENTIAL. USED AS XI,X2,XY
% NS : THE NUMBER OF PDINTS USED TO GENERATE THE TAFEL SLOFE
o x 274 : THE TAFEL. SLOPE AS CALOLATED IN THE REGRESSION
A0 % B1 : THE INTERCEPT OF THE TAFEL LINE

X M : MENU RESPONSE

x I : DO LOOP COUNTER

-, % N : THE NUMEER OF POINTS IN THE DATA FILE EEING READ
i s o1 : THE NNMBER (F POINTS IN THE FIRST DATA FILE, UNCHANGING
"y x N1 : THE NPEER OF POINTS IN THE FIRST DATA FILE. USED IN
o % THE SUBROUTINE SLOPEL AND CAN BE RETURNED WITH A
v x DIFFERENT VALLE

- : J : THE LOCATION OF ECORR WITHIN MDATA
5 % J : SAME AS J BUT PASSED AS AN ARGLEMENT TO SLOPEL
“: s a2 : SAME AS 01 BUT USED ONLY WHEN OVERLAYING DATA FILES

o s Jz : SAME AS J BUT USED ONLY WHEN OVERLAYING DATA FILES
- ] s1 : THE POSITION WITHIN MDATA WHERE THE REQUIREMENTS (F
1. s THE CENTRAL DIFFERNDY. METHID FAIL. CATHIDIC BRANCH
.;5'
by 93
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v

SAME AS S1 BUT FOR THE ANODIC 8RANCH
THE TOTAL. NUMEER OF POINTS IN THE CATHODIC BRANCH
WHICH MEET THE RETUIREMENTS FOR USING THE CENTRAL
DIFFERENCE METHOD
SAME AS 53 BUT FOR THE ANODIC BRANCH
THE POSITION WITHIN XDAT1 AND YDATL WHICH MARKGS THE
BEGINNING OF THE TAFEL REGION
SAME AS Al BUT THE END OF THE REGION
SERVES THE SAME PURPUOSE AS Al BUT WITH RESPECT TO
MDATA
SAME AS AS BT AS A2
SAME AS Al BUT WITHIN XDAT AND YDAT (CATHODIC)
SAME A5 C1 BUT THE END OF THE REGION
SERVES THE SAME PURFOSE AS C1 BUT WITH RESPELCT 710
TA
A CCBITA 2
TO 0. PASSED TO GRAFHL AND ALOT TD AVDID THE USE
THE EMPTY XDAT1 AND YDATL ARRAYS WHEN THE ARE NOT

[T TRNTENT 6 50 se 44 as
(AR T LRl YT

-

OF THE MAIN DATA FILE IN USE
OF THE SECOND FILE WHEN OVERLAYING
SECOND HEADING FOR THE GRAPH AND PLOT. OHANGES

ﬁ""‘"&'}\"'l\.' -

D1
D2

D3
D4
LIST

X
L
X
}
4
|
X
4
) 4
X
X
4
X
|
b ¢
|
|
X
X
¢
X
3
X

A o S S

REAL34 XDAT(2000) , YDAT(2000) ,XDAT1 (2000) ,
+YDAT1 (2000)

REAL38 MDATA(2000,2) ,MDATAL (2000,2) ,X1,X2,NS, XY, XI,Y1
+,CDATA( 2000, 2) ,CDATAL (2000,2)

INTEGER®2 1,J,N,Al,A2,C1,C2,01,NI,J1,51,52,53,54,02,J2,N8
INTEGER2 A3,04,C3,C4

OHFRACTERSS NAME ,NAME2, TITLE2RI2, YNAMESS,LIST$50, T UTLE3*50
CHARACTERSS D2,D4,D135,D3%6

TIMEZ = © °

YNAME =

RS Tk

»
o'

el g

,...
[ P
,r g

THE SOREEN IS O EARED AND THE FILE NAME IS ENTERED. THE USER
CAN ALSD EXIT THE PROGRAM R GET A LIST OF EXISTING DATA FILES.
THIS PROMPT APPEARS IN PURPLE WHICH IS THE OLOR USED WHENEVER
A OPRACTER RESPUNSE 1S EXPECTED TO A PROPT. IF A FILE NAE IS
ENTERED WHICH DOES NOT EXIST AN ERROR MESSAGE WILL APFEAR IN RED.

N

20

coo0aaao

p—
o}

CAlL 5MIE(J3)
CALL GO EAR(0,3)

1% 2 M

gy -
52

N N N S
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NOoooOooOonO

LIST = °
CALL GOMOV(15,12)
WRITE(6,805) LIST
CALL GLMV(25,12)
LIST = 'ENTER THE FILE NWE TO BE USED’
WRITE(4,805) LIST
CALL. GOMIV(20,11)
LIST = ‘A HLANK TO EXIT, OR "DIR" FOR A DIRECTORY’
WRITE(6,805) LIST
CALL GOMV(36,10)
READ(6,800) NAE
CALL. GOMN(40,9)
IF (NWE .EQ. - ") THEN
6010 900
ENDIF
IF (NAME .EQ. 'DIR’) THEN
CALL GOLEAR(O,S)
CALL GDMIV(1,23)
PAUSE 'ENTER "DIR %. /W" OR A BLANK TO CINTINLE®
CAL QSR (23,6,1,1,79,0,5)
G070 15
ENDIF
CALL DATAIN(CDATA,N,NAE, IER)
IF (IER .EQ. 1) THEN
GOTO 10
ENDIF
CALL DATAM(CDATA,MDATA,N,J)
CALL O-EDX(MDATA,N,J,51,52,53,54)
CALL OSMODE(3)
CALL GOLEAR(0,2)

Ji =J
N = N-1
01 =N
N1 =N

THE MAIN MENU IS DISALAYED IN GREEN. THE OOLOR GREEN IS USED
WHENEVER AN INTEGER IS EXPECTED AS THE RESPONSE TO A FROMPT.

IF THE INPUT IS NOT AN INTEGER OR A CHARACTER AN ERRUR MESSAGE
IS DISRLAYED IN RED.

CALL GMIV(15,22)

LIST = © -

WRITE(6,805) LIST

CALL GMV(15,18)

LIST = "1. AOT ORIGINAL POTENTIODYNAMIC QR

WRITE (4,805) LIST

CALL GMOV(15,17)

LIST = 2. GENERATE TAFEL SFES USING QBIC SPLINE MTHOD
WRITE(6,805) LIST

CALL MV(15,16)

LIST = 3. GENERATE TAFEL QIFES USING (ENTHAL DIFFERENCE METHID®
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DETERMINATION OF TAFEL CONSTANTS IN NONL INEAR
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WRITE(6,803) LIST

CALL QCMOV(15,15) ""
LIST = ‘4., USE ANOTHER DATA FILE® ).
WRITE(6,805) LIST ‘s
LIST = °5. OVERLAY TWO POTENTIODYNAMIC CURVES® )

CALL. GDMV(15,14) -
WRITE(6,805) LIST h
CALL. GOMIV(15,13) gt
LIST = ‘6. EXIT’ . "
WRITE(6,805) LIST ]

CALL QOMV(29,12)

LIST = ‘ENTER 1,2,3,4,5 (R &' s
WRITE (6,805) LIST s
CALL. GDMIV(39, 10) s
READ(6,B10,ERR = 22, I0STAT = J4) M X
CALL GOMOV(39,9)

22 IF ((J4 .NE. O) .OR. (M .GT. 6)) THEN ¥ ]
CALL GSMIDE(3) e
CALL GQOLEAR(O,4) v
LIST = © ~ Py
CALL GDMNV(20,17) X
WRITE(6,805) LIST Y

LIST = 'YOU DID NOT ENTER AN INTEEER OF° )

CALL. GOMV(20,16)
WRITE(6,805) LIST N,

LIST = "VWALLE 1,2,3,4 (R 5.° -~

CALL GOMOV(20,15) X,
WRITE(6,805) LIST R

LIST = 'PRESS ANY KEY TO CONTINLE® )

CALL GIMIV(20,13) N
WRITE(6,805) LIST pe:
CAL GDMIV(39,12) N,
CAL QINKEY(13,14) NG

6070 20
ENDIF

C ]
c OPTION 1 HAS BEEN SELECTED. THIS GENERATES A GRAPH AND CPTIONAL -
C AOT OF THE ORIGINAL POTENTICDYNAMIC CLRVE. .
C N
IF (M .EQ. 1) THEN )

DO251 = 1,01 )

XDAT(1) = MDATA(1,2) :-
YDAT(I) = MDATA(I,1) b
25 CONTINLE "
N1 =N N
N8 =0 "

YNAME = VLTS’ )
TINE2 = * ° pe
TITLE3=" P

CALL. GRAPHL(XDAT, YDAT 01 ,J1 ,NAE , XDAT1, YDAT1 ,NB, YNOE, TITLE2 N

+ ,A1,A2,C1,C2, TITLES) .

v
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5
0 )
' v
) (3
N 3
) )
X G010 20 ;
t ENDIF :
5 C S
} C OPTION 2 HAS BEEN SELECTED. THIS GENERATES THE DERIVATIVES OF
. C THE POTENTIODYNAMIC OLURVE USING THE QUBIC SPLINE METHOD. A
v C 5
. 1IF (M .EQ. 2) THEN :}
! AL =0 i
i A2=0 \,
' C1=0
=2=0 !
! 30 J1=J .
! NL = N .
3 CALL. SLOFEL(MDATA,N1,J1,NE,Al,A2,C1,C2) 3
t C .’
‘ C STILL. WITHIN GPTION 2. THE PROGRAM CHEDXS TO ENSLRE THAT THE i
. c TOFEL. REGIONS FOR BOTH THE ANODIC AND CATHIDIC REGIONS HOWVE Y
c BEEN SELECTED. ")
p c L
; IF ((C1 .GE. C2) .OR. (Al .GE. A2)) THEN p
K CALL QSMODE(3) ¢
> CALL QOLEAR(0,4) :
y LIST = © ° e
. CAL GDMOV(15,20) N
; WRITE(&6,805) LIST ~
5 LIST = 'YOU DID NOT SELECT BOTH AN ANCDIC® ;
CALL GOMN(15,19) Y
WRITE(6,805) LIST ‘
LIST = ‘AND CATHIDIC BRANCH OR ELSE THE POINTS® -
| CALL GOMOV(15,18) p
5 WRITE(6,805) LIST i~
- LIST = "WERE NOT PROFERLY TRAFFED. IN ORDER TO' .
' CALL GOMIV(15,17) 3

WRITE(6,805) LIST
LIST = 'PREVENT THE PROGRAM FROM CRAGHING YOU'
CALL GOMV(15,16)
WRITE(6,805) LIST
| LIST = ‘MUST START AGAIN. '
| CALL QOMOV(15,15) .
WRITE(6,805) LIST
LIST = ‘PRESS ANY KEY TO CONTINLE®
’ CALL GOMDV(15,13)
WRITE(6,805) LIST

CALL QINKEY(1I3,14) ,,-
GOTO 20 =

ENDIF
C =
C ALl REGQUIRMENTS HAVE BEEN SATISFIED. LINEAR FEGRESSION IS "
" C FPERFORMED ON THE TAFEL REGIONS AND THE RESLLTS ARE GRAPHED W
’ C w4
] D1 = 'Bc= ° :'
\
N
Y
97 .\
3 LS
3 ;
:-
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-

YNAME = "VALTSS
D031 =100

XDAT(I) = MDATA(I,2)
YDAT(I) = MDATA(I,1)

CONTINUE

X2 =0

XI =0

XY =0

NI = AES(C2-CL) +1

YL =0

C3 = J-(4+C1)

ca = J-(4+C2)
DD 40 I = C4,C3

XI = XI + MDATA(I,2)
X2 = X2 + (MDATA(I,2)%%2)
XY = XY + (MOATA(I,2)®MDATA(I,1))
YI = YI+ MDATA(I,1)
CONTINLE
NS = FLOAT(NI)
BlL = ((XY&XI)—(YI%®X2))/((XIXXI)—(NSXX2))
B2 = ((XYSNS)—(YISXI))/((X2SNS)—(XI#XI))
Y1 = MDATA(J, 1)
X1 = ((Y1-B1)/B2)
X2 = MDATA(CA,2)
DX = (X2-X1)/(50.)

DO A4S 1 = 1,50
YDAT1(1) = (B28X2)+B1
XDAT1(I) = X2
X2 = x2- DX

CONTINLE

0 = -8

CALL CONV(D2,H2)

X2

X1

2

NS

00000

<
bt

J+a+al

J+a+2

50 1 = A3,M

XI = XI + MDATA(I,2)

A3
A
1) 8]

X2 = X2 + (MDATA(1,2)%x382)

XY = XY + (MDATA(I,2)®DATA(I,1))

YI = YI+ MDATA(I,1)
CONTINE
NI = ABS(AS-A4)+1
NS = FLOAT(NI)
Bl = ((XYSXI)-(YISX2))/((XIEXI)—(NSEX2))
B2 = ((XYSNS)—(YISXI))/((XZNS)—(XI¥XI))
Y1 = MDATA(J,1)

SEREAIN EN T o S T DN IR ST S K R D BV et D B o g Bt




X1
X2
X

((Y1-B1)/82)
MDATA(A4,2)

DX = (X2-X1)/(50.)

DO S5 I = 51,100
YDATL(I) = (H2$X1)+B1
XDATL1(I) = X1

X1 = X1+ DX
S5 CONTINE
D3 = ° Ba=

CALL CONV(D4,B2)

X2 = (XDAT1({SO0)+XDAT1(501))/2

TITLE2=D1//D2//03/ /DA

N8 = 100

CALL GRAFHIL (XDAT,YDAT,01,J1 ,NAE , XDAT1 ,, YDAT1 ,NB, YNAVE , TITLEZ
+ ,Al,A2,C1,C2, TITLES)

THIS PART ALLOWS THE USER TO SELECT EITHER ANOTHER ANODDIC OR
CATHODIC TAFEL REGION OR TO REVIEW THE GRAPH WITHOUT HAWING
TO DETERMINE BOTH THE TAFEL REGIONS AGAIN.

gﬂﬁﬂﬂﬂ

CALL. GOLEAR(0,2)
Listr = -
CAl GOMV(20,16)
WRITE(6,805) LIST
LIST = "1IF THE GRAPH DID NOT SHOW A GOOD CORRELATION’
CALL. aCMNV(20,15)
WRITE(6,805) LIST
LIST = ‘YOU CAN REFEAT THE CALOLATIONS FOR THE'
CAL aOMNV(20,14)
WRITE(6,805) LIST
LIST = "HBRANCH IN QUESTION’
CALL GOMIV(20,13)
WRITE(6,805) LIST
LIST = "1. REFEAT CALQUL ATIONS®
CAL aCMV(20,11)
WRITE(6,805) LIST
LIST = "2. EXIT THIS PORTION’
CAlL aoMv(20,9)
WRITE(6,805) LIST
LIST = '"ENTERA 1 OR A 2°
CALL. QOMV(20,7)
WRITE(6,8035) LIST
CALL CMOV(25,6)
READ(6,810,EFRR=56) M
IF (M .EQ. 1) THEN

GOT0 30
ENDIF
IF (M .EQ. 2) THEN

GOTO 20
ELSE

G010 36
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ENDIF
ENDIF

THE CENTRAL DIFFERNCE METHID IS TO BE USED. THE OPTION PROCEEDS
IN THE SAME MANNER AS OPTION 2

IF (M .EL). 3) THEN

X AL =0 .

:t A2 =0 )

N C1=0 {
2=0

i 57 CALL SL.OPE(MDATA,D1,J1,NE,AL,A2,C1,C2,51,52,53,54)

IF ((C1 .GE. C2) .OR. (Al .GE. A2)) THEN

CALL. GSMIDE(3I)

' CALL GOLEAR(0,4) :

i LIST = © ° )
CALL. QOMOV(15,20)

& WRITE(6,805) LIST

‘ LIST = ‘YOU DID NOT SELECT BOTH AN ANDDIC’

§ CALL GCMOV(15,19)

' WRITE(6,805) LIST

f' LIST = AND CATHIDIC BRANCH OR EL.SE THE POINTS®

CALL GCMOV(15,18)

WRITE (6,805) LIST :

X LIST = ‘WERE NOT PROFERLY TRAPPED. IN ORDER TO' "
N CALL. GMIV(15,17) .
WRITE(6,805) LIST

b LIST = ‘PREVENT THE PROGRAM FROM CRASHING YOU'

CALL. GOMNV(15,16)
WRITE(6,805) LIST

. LIST = ‘MUST START AGAIN. " :
X CALL. GOMIV(15,15) .
3 WRITE(6,805) LIST o
M LIST = "PRESS ANY KEY TO CONTINLE® b
CALL GMNV(15,13) -
s WRITE(4,805) LIST 3
& CALL. QINEY(I3,14) ")
\ GOTo 20
: ENDIF |
VI Di='Bc= ° s

YNAME = ‘LTS’

" DO &I = 1,01 by

o XDAT(I) = MDATA(I1,2) K

YDAT(I) = MDATA(I1,1) L

¢ &0 OONTINLE .

' X2 =0 -
XI =0

K X¥ =0 .

; NI = ABS(C2C1) +1 .

. YI =0 :

C3 = J-(24C1) .

‘e ...‘ '\ 4 ."‘ J' P, ety Ly 'f._f "f' % "" "‘- 'f' ..J' 1"\4‘.:‘..4' d'\f."-'..-' -'\f\-‘_‘-r\f.-’\- _Pf\\~<-\-‘.~\'._-\! .‘~.\-.- - $‘1
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100

0.0 8.0 .8 Y. "2t Yat "ab “h Vat *pd," IV VYUY Y

XI + MOATA(IL,2)
X2 + (MDATA(I,2)552)
XY + (MDATA(I,2)DATA(L,1))
YI+ MDATA(L,1)
CONTINLE
NS = FLOAT(NI)
Bl ((XYEXI)—(YI&X2) )/ ((XIRXI)—(NS8X2))
B2 ((XYENS)—(YIEXI))/((X2WNS)—-(XI&XI))
Y1l = MDATA(J,1)
X1 ((¥1-81)/82)
X2 = MDATA(CA,2)
DX = (X2-X1)/(30.)
D080 I =1,3
YDAT1(I) = (BZ2%X2)+8l
XDATLI(I) = X2
X2 = X2~ DX
OONTINLE
B2 = H2
aoNv(D2,82)
- Ba= -

>
L4
I I

¢

03
X2

CO0O0CO

J+24A1

J+24+A2

I =A35,M

XI + MDATA(IL,2)

BRAZGRXE
AR

=3

X2 = X2 + (MDATA(I,2)%%2)
XY = XY + (MDATA(I,2)sMDATA(I,1))
YI = YI+ MDATA(I,1)
CONT INLE
NI = ABS(A2-A1)+1
NS = FLOAT(NI)
Bl = ((XYSXI)—(YIEX2))/((XIEXI)—(NSEX2))
B2 = ((XYSNGS)—(YIX[))/((X28NG)—(XI2XI))
Y1l = MDATA(J,1)
X1 = ((Y1-B1)/B2)
X2 = MDATA(A4,2)
DX = (X2-X1)/(50.)

DO 100 I = 51,100
YDATL(I) = (H28X1)+B1
XDATL(I) = X1
X1 = X1+ DX

OONTINLE

CALL CONV(D4,B2)

TITLE2=D1//D2//D3//D4

N8 = 100
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CALL GRAPH1 (XDAT,YDAT,D1,J1 ,NAME , XDAT1, YDAT1 ,N8, YNWE , TITLEZ
 LA1,A2,01,02, TITLES)
s8 CALL GOEAR(0,2)
LIST = * -
CALL GOMNV(20,16)
WRITE(6,805) LIST
LIST = ‘' IF THE GRAPH DID NOT SHOW A GOOD CORRELATION'
CALL GOMV(20,15)
WRITE(4,805) LIST
LIST = *YOU CAN REPEAT THE CALOULATIONS FOR THE®
CALL GOMNV(20,14)
WRITE(6,805) LIST
LIST = 'BRANDH IN AESTION’
CALL. GCMOV(20,13)
WRITE(4,805) LIST
LIST = ‘1. REFEAT CALOULATIONS®
CALL OQOMIV(20,11)
WRITE(46,805) LIST
LIST = 2. EXIT THIS PORTION’
CALL GOMOV(20,9)
WRITE(6,805) LIST
LIST = ‘ENTERA 1 (R A 2°
CALL GOMV(20,7)
WRITE(6,805) LIST
CALL GOMNV(25,4)
FEAD(6,810,ERR=58) M
1F (M .EQ. 1) THEN
GOTO S7
ENDIF
IF (M .EQ. 2) THEN
G070 20
ELSE
GOTD S8
ENDIF
ENDIF

c OPTION 4 RETURNS THE USER TO THE BEGINNING OF THE PROGRAM

IF (M .EQ. 8) THEN

G010 10
ENDIF
Cc OFTION 5 IS THE OVERLAY. ONLY THE POTENTIODYNAMIC OURVES CAN
c BE GRAPHED OR PLOTTED. THE ORIGINAL FILE IS STILL AVAILARLE
c FOR FURTHER MANIPULATION
IF (M .EQ. 5) THEN
TITLES="
105 CALL GO EAR(0,9)
LIST = ° ~

CAlL GOMV(15,20)

102
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WRITE(6,805) LIST o
CALL GDMV(25,12) N
LIST = "ENTER THE FILE NAME TO BE USED o,
WRITE(6,805) LIST P
CALL QOMV(20,11) J
LIST = ‘A BLANK TO EXIT, OR "DIR" FUR A DIRECTORY" ‘.*.:
WRITE(6,805) LIST 1
CALL. GOMOV(34,10) :
READ(6,800) NAME2 2
CALL GOMIV(40,9)
IF (NWE2 .EQ. ° ") THEN X
GOTo 21 o
ENDIF >
IF (NWE2 .EQ. 'DIR’) THEN N
CALL GOLEAR(O,S) >
CALL GOMOV(1,23)
PALSE "ENTER “DIR $. /W* OR A BLANK TO CONTINLE’ o
CALL QUSTRL (23,6,1,1,79,0,5) .
(0O 105 e’
ENDIF I
DO 750 I = 1,01 >
XDAT(I) = MDATA(I,2) g
YDAT(I) = MDATA(I,1) 3
750 CONTINLE ~

CALL. DATAIN(CDATAL,02,NAMEZ, IER)
IF (IER .EQ. 1) THEN
G010 105
ENDIF
CALL DATAM(CDATAL ,MDATAL,02,J2)
CALL. OHEDX(MDATAL,02,J2,51,52,53,54)
DD 760 I=1,02
XDAT1(1) = MDATAL(I,2)
YDAT1(I) = MDATAL(I,1)
760 CONTINLE
TITLEZ ="QVERLAY “//NVE//" ° //NRE2
YNOE = ‘VOLTS'

o
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NAE2-NAME
NYE = ° °
CALL. GRAPHL (XDAT,YDAT,D1,J1,NE, XDAT1, YDAT1 ,02, YNAME, TITLEZ,
+  A1,A2,C1,C2,TITLES)
NYE = NEZ
CALL QOEAR(0,2) ; q
GOTo 21 s
ENDIF 3
IF (M .EQ. &) THEN :
GOTD 900 '
(58 3 _L-_
G010 20 .
ENDIF 7
800 FORMAT (A8) o
805 FORMAT (RSO, \ ) 5
~
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810 FORMAT(I1)
900 cALl. OaMDE(3)
: END
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THIS SABRILTINE REAUS THE DATA FILE GENERTATED BY HE

$ MIDEL 351 WHICH HAS BEEN TRANSFERRED ONTO A DISK :«:
Yt
“
(o CDATA = THE ARRAY WHICH CONTAINING POTENTIAL AND 2:-
C CURRENT DENSITY fQ
C NYE = THE NA'E OF THE DATA FILE '
(5 c1 = CHARACTER STRING PRESENT IN THE DATA FILE
c 2 = CHARACTER STRING PRESENT IN THE DATA FILE 7
c N = NUMBER OF DATA POINTS IN THE FILE, L
C DETERMINED DURING THE PROGRAM s
o
SUBROLTINE DATAIN (CDATA,N,NAME, IER) s
REAL $8 CDATA(2000,2)
INTEGERS2, N,I U
CHARACTER C1317,C236 ,NPERS,LISTS50,C3%50 \
OFEN (UNIT = 10, ERR = 200,FILE = NAME, STATUS = "ALD") ;
DO SO N=1,2000 ARG
READ {10,900,ERR=40) C1,[DATA(N,1),C2,CDATA(N,2) L
S0 CONTINLE 'y
&0 REWIND( 10) Tl
DO 70 1 = 1,2000 -
READ(10,%,ERR = 100) e
70 CONTINLE hoh
100 IF (I .NE. N) THEN ;
CALL GSMODE(3) ®
CALL GOLEAR(0,4) At
LIST = ° o
CALL QOMV(15,20) )
WRITE(6,905) LIST A

LIST = AN ERROR HAS BEEN ENOCOUNTERED IN°

CALL GOMOV(15,19) [
WRITE(6,905) LIST 9
LIST = 'THE FORMAT OF THE DATA FILE." -
CALL. GOMV(15,18) .
WRITE(6,5905) LIST e
LIST = " THIS USUALLY INVOLVES A SWITCH BETWEEN' bk
CALL GOMOV(15,17) °
WRITE(6,905) LIST 5
LIST = FLOATING POINT AND EXPONENTIAL NOTATION i
CALL GOMOV(15,16) 33
WRITE(6,905) LIST s
LIST = *AROUND ECOOR.’ o
CALL GOMIV(15,15) o
WRITE (6,905) LIST 2
LIST = 'TO CORRECT THIS PROELEM EXIT THE PROGRAM’ o
CALL GDMV(15,13) o
WRITE(4,905) LIST e
LIST = ‘AND USE THE DOS "EDLIN" FEATURE. THE' N
5
e
105 RN
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. CAL GDMOV(15,12) 4
. WRITE(6,905) LIST A
4 LIST = 'PROBLEM HEGINS AT LINE #:° :
CALL aOMOV(15,11) d
WRITE(6,905) LIST 3
i CALL GOMOV(38,11) Ty
WRITE(6,915) N N
, LIST = "PRESS ANY KEY TO CONTINLE® N
; CALL GOMOV(15,8)
WRITE(6,905) LIST
CALL QINKEY(I3,14)
, GOTO 990
; ENDIF
GOTO 990
200 CALL GSMODE(3)
CALL GOLEAR(0,4)
LIST = ° *
CALL O™ (15,20)
WRITE(6,905) LIST
LIST = ‘THE FILE NAME ENTERED DOES NOT EXIST.”
CALL. GOMIV(15,19)
WRITE(6,905) LIST
LIST = ‘TO EXAMINE THE DIRECTORY OF POSSIELE FILES' J
CALL GOMOV(15,18) N
9 WRITE(6,905) LIST ;.,
8 LIST = "ENTER "DIR" WHEN ASKED TO ENTER THE FILE’ X
CAL. QCMOV(15,17) "
]

el SR

g v u_»

3 WRITE(6,905) LIST
LIST = ‘NAVE FOLLOWED BY THE DOS COMMAND.
CALL GDMN(6,905)
p WRITE(6,905) LIST
' LIST = ""DIR %. /W"" ;
CALL aDMOV(3S,16) -
WRITE(&,905) LIST .
LIST = "PRESS ANY KEY TO CONTINLE' "
CALL GDMIV(15,14)
X WRITE (6,905) LIST
‘ IER = 1
CALL QINKEY(13,14)
GOTO 990
900 FORMAT (A17,G8.4,A7,610.4)
905  FORMAT(AS0,\)
, 915  FORMAT(14,\)
- 990  RETURN
: END
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CDATA

MDATA

X2

coooocoooaocn
[

X3

SUBROUTINE DATAM (CDATA,MDATA,N,J)
REAL$8 MDATA(2000,2) ,CDATA(2000,2)
INTEGERS2 N,J

X2 = 100000.

C CONVERT CLURRENT DENSITY INTO LOG QFRRENT DENSITY

DO 100 I=1,N-2

X1
X3

c IF/THEN TEST USED IN DETERMINING LOCATION OF ECOOR

IF

ELSE

ENDIF
MDATA(I,1)
MDATA(I,2)
100  CONTINLE
RETURN

END

¥

THIS SUBROUTINE MANIPULATES THE DATA IN THE ARRAY CDATA
THE PROPER FORM AND IDTENIFIES ELORR

AT L LA R S

= THE ARRAY CONTAINING POTENTAIL AND CLRRENT
LDENSITY

CDATA OONVERTED TO POTENTIAL AND LOG
CURFRENT DENSITY

NIMEER OF DATA POINTS IN THE DATA FILE
LOCATION WITHIN MDATA WHERE ECORR IS LOCATED
DO LOOP COLNTER

ABSOLUTE VALLE (OF OURFENT DENSITY AT 1
USED FOR DETERMINING ELCLRR

ABSOLUTE VALLE OF QURRENT DENSITY AT I-1
USED FOR DETERMINING ECORR

= LIG10(X1)

ABS(CDATA(I,2))
LOG10(X1)

o

( X1 .LT. X2) THEN
J =1
X2 = X1

X2 = X2

CDATA(I,1)
X3

o

;- R RA N
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THIS UBROUTINE PERFORMS TWD FUNCTIONS. ITS FIRST FUNCTION
1S 70 GHECX TO ENSURE THAT THE POTENTIAL VALLES REDORDED
AORATELY REFLECT THE ACTUAL POLARIZATION. THE SECOND IS
TO DETERMINE THE MPEER OF POINTS IN THE ANIDIC AND CATHODIC
BRANCHES WHICH MAY HE USED IN THE CENTRAL DIFFERNCE METHOD.

MDATA : THAT ARRAY CONTAINING POTENTIAL AND LOG OURFENT
DENSITY

THE NUMEER OF POINTS IN THE CATHODIC BRANCH WHICH
CAN BE USED IN THE CENTRAL DIFFERENCE METHOD
THE NUMEER OF POINTS IN THE ANODIC BRANCH WHIMH
CAN BE USED IN THE CENTRAL DIFFERNCE METHID

N3

N4

OTHER WARIBLES ARE USED MERELY IN GHECKING REOUIRED CONDITIONS

“ % M M M WA WM NN NN

SUBROUTINE QHECK(MDATA,N,J N1 ,N2,N3,N4)
REAL_38 MDATA(2000,2)

INTEGERS2 1,J,N,N1,N2,N3,N4
CHARACTER®SO LIST

c THE FIRST INCREMENT IN POTENTIAL FOR THE CATHIDIC BRANCH IS
C DETERMINED

10 Y = MDATA(J,1)

Y1 = MDATA(J-1,1)
Z1 = ABS(ABS(Y1)-ABS(Y))
Z1 = ANINT(Z1/0.0001)

SUBSEGUENT POTENTIAL INCREMENTS, WHICH MUST BE ElUAL TO THE
FIRST AFE OHEDED. LOG CURRENT DENSITY VALLES ARE ALSD GEDED
TO ENSURE THAT THEY WILL NOT REQULT IN THE CALOLATION OF A
SLOPE OF INFINITE WALLE,

oaoonn

D020 I = J,2,-1

Y = MDATA(I,1)

Y1 = MDATA(I-1,1)

X = MDATA(I,2)

X1 = MDATA(I-1,2)
7 = ABS(ABS(Y1)-ABS(Y))
ANINT(Z/0.0001)

NN
hon

C ONE OF THE TWD REGUIRED CONDITIONS HAS FAILED.
IF ((Z .NE. Z1) .OR. ( X1 .LE. X )) BOTO 25

CONTINLE
N1 = I+2

33
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e c THE FIRST INCREMENT IN POTENTIAL FOR THE ANDDIC BRANDCH IS
0 c DETERMINED

I"’

i X = MDATA(J+1,1)

- Y = MDATA(J+2,1)

N 71 = ABS(X-Y)

;;':,. Z1 = ANINT(Z1/0.0001)

R
E‘g C SUBSEGLENT POTENTIAL INCREMENTS, WHICH MUST EE ERUAL TO THE

) c FIRST ARE CHEOXED. LOG QURRENT DENSITY VALLES ARE ALSD CHECKED
e C TO ENSURE THAT THEY WILL NOT RESILT IN THE CALOLATION OF A
oA C SLOPE OF INFINITE VALLE.

W DO 30 I = J+2,N-1
R Y = MDATA(I,1)
- Y1l = MDATA(I+1,1)
. X = MDATA(I,2)
A X1 = MDATA(I+1,2)
hX 7 = ABS(Y1-Y)
o Z = ANINT(2/0.0001)
3
o c ONE OF THE TWO REQUIRED CONDITIONS HAS FAILED.

o IF ((Z .NE. 71) .OR. ( X1 .LE. X )) GOTO 35

Y

0 30  CONTINLE
[ 35 N=1-2
i N3 =J - N1

' NG = N2 -]

- C THE NLMEER (F POINTS AVAILARLE FOR EACH BRANCH IS COMPARED
o c WITH A MINNMIUM NLMBER (OF 15. IF NEITHER BRANCH HAS ENOUGH
e C AVATILABLE POINTS WRIOUS MESSACES ARE DISPLAYED LISTING
i (o) POSSIBLE CALEES AND OPTIONS.

3 IF ((NS .LE. 15) .OR. (N8 .LE. 15)) THEN
s CALL. GOLEAR(0,4)

a LIST = © °*

. CALL GOMOV(20,20)

T WRITE(6,805) LIST
5 LIST = ‘THE CENTRAL DIFFERNCE METHOD REQUIRES THAT®
s CALL GDMNV(20,19)

e WRITE(6,805) LIST
" LIST = ‘' THE QURRENT BE MEARGLRED AT EGUAL DIFFERENTIALS®
- CALL QCMINV(20,18)

. WRITE(6,805) LIST

; LIST = "OF THE APPLIED VILTAGE. THE PAR MODEL 35t°
™ CALL. QCMIV(20,17)
oy WRITE(46,B05) LIST
w LIST = 'REDORDS THE QURRENT AT INCREMENTS OF 2.0 mV’
o CALL QOMIV(20,16)
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WRITE(6,805) LIST

LIST = "UNTIL THE CHANGE IN CURRENT EXCEEDS A PRESCRIBEDS

CALL GOMV(20,15)
WRITE(6,805) LIST
LIST = ‘LEVEL. AT THAT POINT THE 351 BEGINS RECORDING'
CALL GCMNV(20,14)

WRITE(6,805) LIST

LIST = 'THE OURRENT AT INCREMENTS (F 0.5 aV. AT AN’
CALL GOMINV(20,13)

WRITE(&,805) LIST

LIST = ‘'HIGHER APPLIED VILTAGE THE CHANGE IN OURRENT’
CALL GOMOV(20,12)

WRITE(4,805) LIST

LIST = ‘'DECREASES TO A POINT WHERE THE OURFENT IS AGAIN’
CALL GOMV(20,11)

WRITE(6,805) LIST

LIST = ‘MEASLRED AT INCREMENTS OF THE APPLIED VALTAGE'
CALL GOMN(20,10)

WRITE(6,805) LIST

LIST = "EQUAL TO 2.0 aV°

CALL QOMINV(20,9)

WRITE(6,805) LIST

LIST = ‘PRESS ANY KEY TO CONTINLE®

CALL. GOMINV(20,7)

WRITE(6,805) LIST

CALL QINKEY(I,MB)

CALL. GOLEAR(O,4)

LIST = * °

CALL. GOMINV(20,20)

WRITE(6,805) LIST

LIST = ‘' THE DATA RECORDED FOR THIS EXPERIENT EITHER:’
CALL. GDMN(20,19)

WRITE(6,805) LIST

LIST = © °

CALL. GDMIV(6,18)

WRITE(6,805) LIST

LIST = ‘1. REFLECTS THAT THE CHANEES IN CURRENT’

CALL. GOMOV(20,17)

WRITE(6,805) LIST

LIST = ‘MEASUREMENT DESCRIBED EARLIER DID NOT OCOLR’
CALL GOMNV(20,16)

WRITE(6,805) LIST

LIST = ‘AT A POINT(S), RELATIVE TO ECOOR, THAT WOWLD'
CALL GOMOV(20,15)

WRITE (&4,805) LIST

LIST = 'GENERATE ENOUGH DATA PDINTS FOR THE USE OF THE'
CALL GCMOIV(20,14)

WRITE(6,805) LIST

LIST = ‘CENTRAL DIFFERENCE METHD."

CALL GOMIV(20,13)
WRITE(6,805) LIST
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&y LIST = ‘OR
i CALL GOMOV(39,11)
oty WRIE(6,805) LIST
i LIST = ‘2. THE MODEL 351 DID NOT RECORD THE APPLIED’
CALL (DOV(20,9)
th WRITE(6,805) LIST
.:‘, LIST = 'POVENTIAL PROPERLY. THIS CAN BE CORRECTED’
:;;., CALL GOMOV(20,8)
o WRITE(6,805) LIST
e LIST = ' IF THE PROBLEM IS NOT CORRECTED THEN THE®
. CALL GOTNV(20,7)
D WRITE(6,805) LIST
bl LIST = 'CENTRAL DIFFERNCE METHOD WILL NOT WORK, AND THE'
o CALL GCMIV(20,6)
£ WRITE(6,805) LIST
b LIST = 'CUBIC SFLINE METHOD MAY NOT WORK'
CALL GDMDV(20,5)
el WRITE(6,805) LIST
W LIST = ‘PRESS ANY KEY TO CONTINLE®
CALL GOMV(20,3)

S WRITE(6,805) LIST
ath CALL QINKEY(I,MB)
- CALL. GOLEAR(O,4)
b LIST = 'IF AN ATTEMPT IS MADE TO CORRECT THE'
2 CALL GOMIV(20,17)
,::o WRITE(6,805) LIST
h LIST = 'PROBLEM THE CORRECT METHOD 1S DETERMINED’
™Y CALL GCMIV(20,16)

" WR1TE(6,805) LIST
> LIST = ' IF THE ATTEMPT IS UNSUCCESSFUL THEN THE®
R CALL GOMOV(20,15)
3 WRITE(6,805) LIST
' LIST = "CUBIC SPLINE METHID SHOLD BE USED.
ot CAL QOMV(20,14)

. WRITE(6,805) LIST
:..., LIST = ' IF THE ATTEMPT IS SUCCESSFUL EITHER'
:; | CALL. GOMOV(20,13)
o WRITE(6,805) LIST
& LIST = 'METHOD MAY BE USED.’
Pl CAL GOMOV(20,12)

4 WRITE(6,805) LIST
Kr LIST = 'IF THIS SET (F MESSAGES APPEARS AGAIN'

o CALL GCMIV(20,10)
, WRITE(5,805) LIST

: LIST = "AFTER ATTEMPTING TO CORRECT THE PROBLEM’

2 CALL. GOMIV(20,9)

e WRITE(6,805) LIST

S LIST = 'THEN THE CURRENT DENSITY WALLES ARE SUDH'
i CALL. OOMOV(20,8)

S WRITE(4,805) LIST

N LIST = *THAT NEITHER METHID CAN BE LSED’

"
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p
CALL GOMOV(20,7) V
WRITE(6,805) LIST :.
LIST = "PRESS ANY KEY TO CONTINLE®
CALL aIMV(20,5) W
WRITE(&6,805) LIST )
. CALL QINKEY(I,MB) o
. 420 CALL. OOLEAR(0,2) ‘:n
LIST = "1. DO NOT CORRECT THE PROBLEM. '
CALL GCMOV(25,13) .u
WRITE(6,805) LIST ¢

LIST = ‘2. TRY AND CORRECT THE PROBLEM.”
CALL GOMDV(25,11) .
: WRITE(6,805) LIST X
s LIST = "ENTERA 1 (R A 2° J
" CALL ODMV(32,9) .
WRITE(&,805) LIST ¢
CALL GMOV(39,8)
: READ(&,810,EFT - 450, IOSTAT = J4) M .
: 450 IF ((M .6T. 2) .0R. (J4 .NE. 0)) THEN

(
CALL OOLEAR(0,4) ..
LISt = © ° ".
CALL. aDMV(21,16) V.
WRITE(6,805) LIST
LIST = "YOU DID NDT ENTER AN INTEGER OF° N
CALL GCMOV(20,15) i
WRITE(6,805) LIST ]
LIST = "VALLE 1 (R 2° b,
CALL GOMIV(37,14) "
WRITE(6,805) LIST
| LIST = ‘PRESS ANY KEY TD CONTINLE' -
| CALL GOMV(25,12) -
' WRITE(&,805) LIST S
: CALL GOMOV(39,11) -
CALL QINKEY(I,MB) )
GOTO 420 i
| ENDIF .
[ IF (M .EQ. 1) THEN A
N =1
G010 1000 bt
ENDIF <J
)
, C AN ATTEMPT IS BEING MADE TO CIRFECT THE POTENTAIL WMLES SUH K
C THAT THEY ACOURATELY REFLECT THE EXPERIMENTAL POTENTIALS. -
c BLOCKS 500 AND 600 CORRECT THE PROBLEM, BUT ONLY ONE OF THE -
c TWO BLOCKS ARE LSED FOR ANY GIVEN FILE. 9
e
IF (M .EQ. 2) THEN )
DO 500 I = 1,N,2 NS
Y1 = MDATA(I,1) ;;
Y2 = MDATA(I+1,1) te
IF (Y1 .EQ. Y2) THEN e
r
v
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b MDATA(I,1) = MDATA(I,1) — 0.000SDO
o
END
vd SCO CONTINLE
. DO &00 I = 2,N,2
o Y1 = MDATA(I,1)
o Y2 = MDATA(I+1,1)
i IF (YL .EQ. Y2) THEN
N MDATA(I,1) = MDATA(I,1) - 0.000SDO
. N9 =1
ENDIF

% 600 CONTINLE
g IF (N? .EQ. 1) THEN
b CALL GOLEAR(0,2)
'4" LIST = *

b CALL aOMOV(30,14)
"W WRITE(&,805) LIST
o LIST = ‘CORRECTION SUCCESSAL
o CALL GDMIV(30,13)
e WRITE(4,805) LIST
o LIST = ‘USE EITHER METHID'

- CALL MOV (30,11)

; WRITE(6,805) LIST

N LIST = ‘PRESS ANY KEY TD OONTINLE’
: CALL aOMOV(30,9)
o WRITE(6,805) LIST
o CALL QINCEY(I,MB)

GOT0 10

. ELSE

‘s CALL. GOLEAR(O,4)

“ LIST = 'CORRECTION UNSLICESSFUL
< CALL GoMOV(30,13)
5‘ WRITE(4,805) LIST

LIST = "USE EITHER OBIC SFUINE METHID'
> CALL. GOMOV(30,11)
WRITE(6,805) LIST

: LIST = "'PRESS ANY KEY TO CONTINLE'
! CALL GOMOV(30,9)
W WRITE(6,805) LIST

" CALL QINEY(I,MB)

T GOTO 1000

X ENDIF
o ENDIF
V- ENDIF

: 805 FORMAT(ASO,\)

- 810 FIRMAT (I1)
~ 1000 END
)
3
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2 XDAT : THE X VALLES OF THE FIRST GRAPH '
Y YDAT : THE Y VALLES OF THE FIRST GRAPH

Y XDAT1 : THE X VALLES (OF THE SECOND GRAPH "
% YDATL : THE Y VALLES OF THE SECOND GRAPH

X TX : XDAT AS ORIGINAL PASSED AND SCALED. USED TO ALLDW -3
% THE USER TO RESCALE THE AXIS AND MAINTAIN ALl THE .
x VALLES ORIGINALLY PASSED \
% TY : USED AS TX BUT FOR YDAT

X TXL : USED AS TX BUT FOR XDAT1

x TYl : USED AS TX BUT FOR YDAT1

IN THIS SUBROUTINE ALL PROMPTS ARE REPLIED 70 BY THE USE OF
SFT KEYS. THIS MEANS THAT A CARRIAGE RETURN IS5 NOT USED.

an

SUBROUTINE GRAPH1 (XDAT, YDAT ,NS,J ,NAE, XDAT1,YDAT1 N8 Vg TITLEZ,

: +A1,A2,C1,C2, TITLES)

: REAL34 XDAT(2000) , YDAT (2000) , XDAT1(2000) , YDAT1 (2000) ,F ,F1,F2
REAL4 TX(2000),TY(2000) ,TX1(2000),TY1(2000),X2(1),Y2(1)

. INTEBERS2 K2,K3,K5,Ké,L,XL, XR,YL,YR,M3,A1,A2,C1,02,M, [A(B0) )

INTEGER®2 1,J,N,K7,KkB,K9, JOOL(10),JROW(10) ,N1,NB,N3,N4 NS ,N& N7 )

INVEGERS2 11,L2,1.3,L4 )

j, CHARACTER NAMESS, YNAMESS,FACT 36, XNAMER12, TITLESX1S, TITLEZS32 ~
) OHRACTERYZB, ALES, TITLE3®S0 N
J N7 =1 e
¢ M=0 ’
N = MAX(NS,N4) '
. NS=N3-3 n
) Nd=Ng -3 e

T

ARRAYS ARE SCALED SLCH THAT THE Y AXIS VALLES ARE DISCERNIALE o',
EACH OTHER ’

E

LY

F = MIN(ABS(YDAT(1)),ABS(YDAT(N3))) by

F1 = MIN(ABS(YDAT1(1)),ABS(YDATL(NA))) -

! IF (N8 .GT. 2) THEN »
F2 = MIN(FL,F)

ELSE R
F2 =F X
ENDIF N
IF (F2 .GE. 1.) THEN v
F2 = 1.0
FACT = "x 1° .
ENDIF !
IF ((F2 .GE. .1) .AND. (F2 .LT. 1.)) THEN N
F2 = 10 3
’ FACT = "x 10° N
ENDIF -
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g IF ((F2 .GE. .O1) .AND. (F2 .LT. .1)) THEN
2:;: F2 = 100.
oy FACT = "x 100°
ENDIF
. IF ((F2 .GE. .001) .AND. (F2 .LT. .01)) THEN
W) F2 = 1000
;:':: FACT = "x 1000°
i 8.9
I IF (F2 .LE. 0.0010) THEN
ot F2 = 1000
FACT = "x 1000
o ENDIF
4 ENDIF
o DO &6 1 = 1,2000
. YDAT(1) = F28YDAT(1)
i YDAT1(1) = F28YDAT1(I)
6 CONTINLE
o 5 NS = N3
.;:; N6 = N4
:.:'::' C THE FERMANENT ARRAYS ARE FILLED
s}
DO 10 1 = 1,2000
ey TX(1) = XDAT(I)
b, TY(1) = YDAT(I)
0 TX1(1) = XDATL(I)
R TY1(1) = YDATL(])
: 10  CONTINLE
._»_ C THE GRAPH AXIS AND WINDOW ARE DETERMINED
R L4
Y XMAX = —1000
3 XMIN = 1000
YMAX = XMAX
. YMIN = XMIN
XMAX1 = XMAX
o XMINL = XMIN
< YMAX1 = XMAX
o YMINL = XMIN
" Joal = 90
- JOOL2 = 610
> JROWL = 35
o JROW2 = 300
b DO 200 I = 1,N3
> YMAX = MAX(YDAT(I),YMAX)
L3 XMAX = MAX(XDAT (1), XMAX)
- XMIN = MIN(XDAT(I),XMIN)
- YMIN = MIN(YDAT(I),YMIN)
’ 200 CONTINLE
e 205 DD2101 = 1,N4
b XMAX1 = MAX(XDATL(I),XMAX1)
y
5 115
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YMAXL = MAX(YDATL1(I),¥YMAX1)
XMINL = MIN(XDAT1(1),XMIN1)
YMINL = MIN(YDATL(I),YMINL)
210 CINTINE
215 YFIN (MAX(YMAX,YMAX1)) + .1
YsT (MIN(YMIN,YMINL1)) - .1
XST (MINCMIN,XMINL)) -.1
XFIN (MAX(OXMAX,MAXL)Y) + .1
25 YMIN = YST
YMAX = YFIN
XMAX XFIN
XMIN = XST
YORG = YMIN
XORG = XMIN
XNME = "LOG I A/cm2’
TITLE = "POTENTIUDYNAMIC®
10PT =
YOMVERX
ASFELCT

- -

R D g R X

0y

(LI T I | (T TR | N A 1

YWY N

(]
d )

0.3
1.5

Cc THE GRAPH AXIS ARE DRAWN AND LABELED. TITLES ARE PLACED

CALL OSMODE(16)
) CALL @GPOT(JOA1,J000 2,JR0OWL , JRIWZ , XMIN, XMAX ,, YMIN, YMAX , XORG, YORG,
' +10PT , YOMERX , ASFELT)
(XFIN-XST)/10.

%
non
o
_.’f{n .,{.l..’v .l!‘\&-

(YFIN-YST)/10.
o

s et

-

3

CALlL. O OR(0,0)

CALlL. GSETUP(NDOTS, IKOLOR, ISYMBOL,KLRSYM)

CALL. GXAXIS(XST,XFIN, XMAJOR, XMINDR,L ABEL ,NDELC)
CAL

CALL

CAl

pae

QYAXIS(YST,YFIN,YMAJOR, YMINOR,LABEL ,NDEC)
GXTICS (NNT , JOOL , JROW)
QGTXT (12, XN E ,2,340,1,0)
CALL QYTICS(NKNT ,JCOL ,, JROW)
CALL UGTXT(5,YNAME,2,1,246,-1)
CAlL GTXT(6,FACT,2,1,162,-1)
CAlL OBTXT(15,TITLE,2,254,335,0)
CALlL
CALL

L O e T e o Rl

aGTXT(8,NE ,2,382,335,0)
GTXT (32, TITLE2,2,254,321,0)
CALL QGTXT(50,TITLES,2,182,307,0)
IKOLOR = 2
CALL GSETUP(NDOTS, IKOLOR, ISYMBAL,KLRSYM)

AN
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Qi ‘
3 CALL GRTOI(XST,YST,L1,L2)
b CALL GRTOI(XFIN,YFIN,L3,L4) ,
CAL QLINE(LL,L2,11,14,2)
CALL QLINE(L1,L4,L3,L4,2)
‘ CALL GLINE(L3,L4,L3,1.2,2)
CALL QLINE(LS,L2,L1,12,2) ;

O

[a)

L]

[}

Cc THE FIRST OURVE IS DRAWN. THE LINE COLIR 1S OWNGED AND THE
C SECOND OARVE IS DRAWN

CALL. gTARL (1 ,NS,XDAT,YDAT)
IKOLOR =
CALL GEETUP({NDOTS, IKOLOR, ISYME(L ,KLRSYM)
CALL GTARL(1,Nb6,XDAT1,YDATL)
CALL. (BEEP
=M+ 1

IF THE OQRVES ARE OF DERIVATIVES AND A LINEAR REGION HAS N READY
BEEN SELECTED, THE USER MAY DECIDE TO GENERATE THE TAFEL. CONSTANTS
BASED ON THIS PORTION OF THE OLRMVE.

aonon

380 IF (( M .GT. 1) .AND. (N4 .GE.O)) THEN
GLES = "GENERATE TAFEL CONSTANT®
CALL. OGTXT(28,AES,3,1,335,0)
QES = ° YORN?
CALL G6TXT(28,ALES,3,1,320,0) q
CALl (BEEP J
CALL. QINKEY(I,MB)
IF ((MB .EQ. 89) .OR. (M8 .EQ. 121)) THEN

aGGTXT(28,AES,S, 1,335,0)
GGTXT(28,AE5,3,1,320,0)
= ‘IS THIS THE ANODIC OR’
GGTXT(28,A.ES,3,1,335,0)
= ‘CATHIDIC BRANDH'
GGTXT(28,4E5,3,1,320,0)
= - AORC ? ;
GGTXT(28,A.ES,3,1,305,0) ‘
GEEEP :
QINKEY(1,MB)
(MB .EQ. 65) .OR. (M8 .ED.97)) THEN ;
Al KB -
A2 = K9
GOTO 390
ENDIF
IF ((M@ .EQ. &7) .OR. (MB .ED. 99)) THEN
c1 =
2 =x7 ‘
GOT0 390 :

381

-EEEEEEEEEEE

:

GO0 381 Y
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ENDIF

ENDIF

IF ((M8 .E0. 78) .OR. (M8 .EG. 110)) THEN
010 390

8
GOTO 380

ENDIF

ENDIF

BY THE USE OF THE ORSOR KEYS ON THE NUMERIC KEYPAD THE USER
SELECTS A NEW SET OF AXIS TO BE PLOTTED

AES = °
CALL UGTXT(28,0AES,3,1,335,0)
CALL OGTXT(2B,A.ES,3,1,320,0)
CALL GBTXT(28,QLES,3,1,305,0)
QLES = ‘NEW AXIS Y OR N ?°
CALL. GGTXT(28,AES,3,1,335,0)
CALL GEEEP
CALL QINKEY(I,MB)
IF ((MB .EQ. 89) .OR. (MB .EQ. 121)) THEN
GOTO 400
ELSE
IF ((MB .EQ. 78) .OR. (MB .EQ. 110)) THEN
GOTO 800
8z 3
GOTD 390
ENDIF
ENDIF
QAES =
CALL. GBTXT(28,A£S,1,1,335,0)
CALL GBTXT(28,3ES,1,1,320,0)
AES = ‘NEW,LAST,O0R GRIGINAL (N,L,0)°
CALL GGTXT(28,AFES,3,1,335,0)
CALL OFEEP
CALL QINCEY(1,M8)
IF ((M8 .EQ. 79) .OR. (MB .EQ. 111)) THEN
DO 410 I = 1,N3
XDAT(I) = TX(I)
YDAT(I) = TY(I)
CONT INLE
DO 420 I = 1,Nd
XDAT1(1) = TX1(I)
YDAT1(I) = TYL(I)
CONT INLE
M=0
GOTO S
ENDIF
IF ((MB .ED. 76) .OR. (MB .EQ. 108)) THEN
XST = XST1
XFIN = XFINL
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YFIN = YFINL

NS = MS

NG = Mb

GOTg S30

ENDIF

IF (( M8 .EQ. 79) .OR. (MB .EQ. 110)) THEN
XST1 = XST

YST1 = YST

XFIN1 = XFIN

YFINL = YFIN

M5 =NS

M6 = Nb

430 QUES = "USE THE OQRSOR KEY TO MOME

CALL. GETXT(28,3ES,3,1,3395,0)
QAES = 'TO THE LOWER LEFT HAND'
CAl. O&TXT(28,0kS,3,1,320,0)
QLES = 'CORNER, HIME TO EXIT’
Al aGTXT(28,AES,3,1,305,0)
CAL. GBEEP

CALlL. ASTAT(1)

CALL ATYPE(3,3)

CALL @ MV(320,175)

CALL QINEY(I,L)

IF (L .EQ. 72) THEN
AMOVWR(0,5)

S00

IF (L .EQ. 75) THEN
CALL. @MMVR(-5,0)
GOTO S00
ENDIF

IF (L .EQ. 77) THEN
CALL @MMVR(5,0)

GOTO S00
ENDIF

IF (L .EQ. 80) THEN
CALL GLMIVR(0,-5)
GOTO S00
ENDIF

IF (L .EQ. 71) THEN
CALL QLREAD(XL,YL)
CALL QALMMR(320-XL,175-YL)
CALL QITOR(XL,YL,XST,YST)
X2(1) = XST

Y2(1) = YST

CALL. GSETUP(5,3,43,3)
CALL AGTAHL (O,N7,X2,Y2)
GOTO 510
BLSE

GOTO 430
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I
ENDIF 4
A 510 OES = ‘USE THE CLRSOR KEY 10 MOVE' #
CALL. GGTXT(28,AES,3,1,335,0) -4
QAES = 'TO THE UPPER RIGHT HAND' :
CALl GGTXT(28,AES,3,1,320,0) "
QAES = ‘CORER, HO'E TOD EXIT’ .
: CALL. GBTXT(28,LES,3,1,305,0) "
y CAl. QBEEP iy
; 520 CALL. QINKEY(I,L) o
: IF (L .EQ. 72) THEN &
CALL. @ MOWR(0,5)
GUTO S20 N
ENDIF .
IF (L .EQ. 75) THEN N
: CALL GLMOVR(-5,0) ]
0 GOT0 520 ~
ENDIF '
IF (L .EQ. 77) THEN -
: CAL. @ MVR(5,0) A
GOT0 520 3
, ENDIF 7
' IF (L .EB. B80) THEN ]
CALL ALMOVR(O,-5) v
6070 S20 A
ENDIF X
\ IF (L .EQ. 71) THEN -
: CALL A READ(XR,YR) -
CALL @LMOVR(320-XR, 175-YR) °Y
CALL GITOR(XR, YR, XFIN, YFIN) X
: X2(1) = XFIN KX
, Y2(1) = YFIN o
; CALL GTARL_(O,N7,X2,Y2) n.)
: CALL GLSTAT(O) 2
GOTO 530 ‘.
BSE :
GOTO 510 i
ENDIF -
! ENDIF "
' 530 IF (YNOME .EQ. "VALTS') THEN ’
GOTO 780 <
ENDIF .
K& = 1 ‘»
K7 = N3 R
DO 400 I = 1,N3 A
X = TX(I) by
Y=TY(I) ~
IF (((X .GT. XST) .AND. (X .LT. XFIN)) .AND. ((Y .GT. YST) '
N AND. (Y .LT. YFIN))) THEN 3
K6 = 1 o=
GOTD &05 -
: ENDIF 2
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420 CONTINLE
605 DO 610 I = K6,N3
X = TX(I)
Y = TY(I)
IF (((X .LT. XST) .OR. (X .GT. XFIN)) .OR. ((Y .LT. YST)
+ .OR. (Y .GT. YFIN))) THEN
K7 =1
GOTO 630
ENDIF
610 CONTINLE
&30 NS = K7-Kb&
o DO 670 1 = K&,K7
-.: YDAT(I-K&+1) = TY(I)
o
e

PO, N
£ 2L Ll

AP 4

4

" o
'l

XDAT(IK&+1) = TX(I)

&70

:
:

~
8-zz-

BOR3E

I=1,M
X = TX1(1)
Y = TY1(I)
IF (((X .GT. XST) .AND. (X .LT. XFIN)) .AND. ((Y .GT. YST)
+ LAND. (Y .LT. YFIN))) THEN
KB =1
&6g1g 715
" ENDIF
700 CONTINLE
715 DO 720 I = KB8,M
X = TX1(I)
Y = TY1(I)
IF (((X .LT. XST) .OR. (X .GT. XFIN)} .OR. ((Y .LT. YST) A
+ OR. (Y .GT. YFIN))) THEN
K? =1 t
G010 730
ENDIF

p *--.—:,
AP L,

g
AL

R
[arar Y

CONTINLE !
DO 770 1 = KB,K9
4 YDAT1(I-4®B+1) = TY1(I)
. XDATL(IKB+1) = TX1(1)
Y 770 CONTINLE
N5 = K9 — KB
GOT0 225
780 NS =0
NG =0 3
DO 785 1 = 1,N3 ,
X = TX(I) ‘
Y=TY(I)
IF (((X .GT. XST) .AND. (X .LT. XFIN)) .AND. ((Y .GT. YST)
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+ LAND. (Y .LT. YFIN))) THEN
NS = NS +1
XDAT(NS)
YDAT(NS)
ENDIF
785 CONTINLE
DO 790 I = 1,N4
X = TXL(I)
Y=TY1(I)
IF (((X .GT. XST) .AND. (X .LT. XFIN)) .AND. ((Y .GT. YST)
+ AND. (Y .LT. YFIN))) THEN
NG = Nb +1
XDAT1(N&)
YDAT1 (NG)
ENDIF
770 CONTINLE
M=0

™>X(I)
TY(I)

]

TX1(1)
TY1(I1)

800 GLES = ‘DO YOU WANT TO ALOT”
CALL QGTXT(28,AES,3,1,335,0)
QES = ‘THIS GRAPH Y OR N 2°
CALL GGTXT(28,A.ES,3,1,320,0)
CALL QEEEP
CALL QINCEY(I1,MB)
IF ((MB .EQ. 89) .0R. (MB .EQ. 109)) THEN
GOTO 830
ELSE
IF ((M8 .EQ. 78) .OR. {MB .EQ. 110)) THEN
GOTO 850
as
GOTO 800
ENDIF
ENDIF
830  CALL PLOT(XDAT,YDAT,NS,XDAT1,YDAT1,N6, XNE , YNE, TITLE,
+XMAX , XMIN, YMAX , YMIN, XST, XFIN, YST, YF IN, XMAJOR, YMAIOR, TITLEZ,
+HACT ,NAE)
IF (YNAE .EQ. VOLTS’) THEN
GUTO 390
ENDIF
IF (YNAE .EQ. ‘Dv/Di’) THEN
GOTO 380
ENDIF
850 DO 860 I = 1,2000
TX{1)=0
TY(1)=0
TXI(I) =0
TY1(I) = O
XDAT(1) =
XDAT1(I) = O
YDAT(I) =
YDAT1(I) = O
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ol 860 CONTINE

O CALL GSMIE(16)

y CALL (STDE(3)
900  FORMAT(AL)

.“; , END

g

v

'y 123
I} \'

AL

BT ™y ¥, Wiy

.:.-l ‘ o AR Al A 8 .*

e T T T IR "R " "M AN e M e .
.8 .' < "- oJ'v-.l‘v. ‘o. (S .|. c.'uto, ' "

A A A A AR




LV RN R Y e U 2 m A Sa &0 A% R fy” 9amap s

3 THIS SLEROUTINE PLOTS THE GRAFHS AS SHOWN ON THE SCREEN DURING
X THE CALLING SUBROUTINE GRAPHL.

X THE MAJORITY OF THE PROGRAM IS INVOLVED IN SETTING UP ARGUEMENTS
4 TO BE PAGSED TO SUBROUTINE CONTAINED WITHIN THE PRLOTMATICS

4 LIBRARY. THIS MANUAL SHOWLD BE CONSLATED IN ORDER TO DETERMINE
X THE USE OF THE ARGLEMENTS OTHER THAN THDSE DEFINED BEl OW

4 XDAT : THE ARRAY OINTAINING THE X VALLES OF THE FIRST OQRVE
X TO EE PLOTTED.

X YDAT : THE FIRST QRVE’'S Y VALLES

¢ XDAT1 : THE ARRAY CONATINING THE Y VALLES OF THE SEDOND CURVE
E 4 TO HE PLOTTED.

X YDAT1 : THE SECOND OQRVE’'S Y WVALLES

X TITLE : THE TITLE OF THE PLOT

X TITLEZ: AN DISCRIBTION OF THE GRAPH

X XNAME : THE X AXIS TITLE

X SAMPLE: THE Y AXIS TITLE PROFERLY POSITION AND CATENTATED

SUBROUTINE PLOT(XDAT, YDAT ,NPT1, XDAT1, YDAT1 ,NPT2, XNSME , YNAME
+, TITLE,, XMAX,, XMIN, YMAX , YMIN, XST , XFIN, YST, YFIN, XMAJOR,, YMAJCR
+,TITLEZ,FACT, NAE)

REAL¥4 XDAT(2000) , YDAT (2000) , XDAT 1 (2000) , YDAT1 {2000)

INTEGER$2 JCIL (10) ,JROW(10) ,NPT1 ,NPT2

INTEGER 13,14,15,16,17,18,111,112,M8

CHARACTERSS NOME, YNCMESS, XNWES 11, TITLES15,SAMPLER12, TITLEZX32

M =
SAMALE = YNAME//AA//FRCT
XORG = XST

YORG = YST

DTX = ABS(XMAX-XMIN)
DX = DTX /MAX(NPT1,NPT2)
DTY = ABS(YMAX-YMIN)
IO°PT =0

IPORT =
CALL. ZINIT(ISIZE, ISTEP, IPORT ,BATCH)
JQ
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oyt =t e
N> W
0nnh

111 = 386
112 = 182
CALL ZOONV(JOL, IO, 16)
CALL ZOONW(JCR, ICR, 16)
CALL ZOONV(I3, I4,16)
CALL ZOONW(15,16,16)
CALL. ZOONV(17,18,16)
CALL ZOONV(I11,112,16)
XMINL =XMIN —.28DTX
XMAXL = XMAX+ . 1%(DTX)
YMAXL = YMAX + .18%DTY
YMINL = YMIN — .1%DTY

=2
CALL ZALOT(JOL,JCR, 10, ICR, XMINL , XMAX1, YMINL , YMAX 1, XORG, YORG)
CALL ZRTOI (XST,YST,L1,L2)
CALL. ZRTOI (XFIN,YFIN,L3,1.4)
CALL. ZSETUP(-1,1,0,1)
MINR = 1
IXAXIS(XST , XF IN, XMAJOR ,MINOR ,LABEL. ,NDEC)
ZYAXIS(YST, YFIN, YMAJOR,MINOR, LABEL ,NDEC )
ZXTICS(10,JCOL , JROW)
ZYTICS(10,JC0L , JROW)
ZLINE(LL,L2,01,04,1)
ZLINE(L1,L4,1.3,L4,1)
ZLINE(L3,L4,L3,L2,1)
ZUINE(L3,L2,01,L2,1)
yiaT)
GGTXT(28,A.ES,3,1,335,0)
a5TXT(28,AES,3,1,320,0)
aGTXT(28,dES,3,1,305,0)
= *IF DESIRED INSERT A NEW PEN’
a5TXT(28,AES,3,1,335,0)
= ‘THEN PRESS ANY KEY'
GGTXT(28B,3.ES,3,1,320,0)
GEEEP
QINKEY(I,MB)
ZTABRL_(1,NPT1,XDAT,YDAT)
pit]
= *IF DESIRED INSERT A NEW PEN’
GGTXT(28,A.ES,3,1,335,0)
= "THEN PRESS ANY KEY'
a5TXT(28,AES,3,1,320,0)
GEEEP
QINKEY(I,MB)
ZTARL(1,NPT2,XDAT1,YDAT1)
riat)

CALL
CALL
CALL
CALL
CALL
cAlL
CALL
CAL
CALL
AES
CALL.
CALL
CALL
ALES
CALL
QAES
CALL
CALL
CALL
CALL
CALL
GLES
CALL
QLES
CALL
CALL
CALL
CAL
CALL
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3
)
CALL QINCEY(I,M3) :¢
QAES = ' [F DESIRED INSERT A NEW PEN’ s
CALL. GGTXT(28,AES,3,1,335,0) o’
AES = ‘THEN PRESS ANY KEY' 4
call aGTXT(28,AES,3,1,320,0) b»
CALL. GEEEP -
CALL. ZPTXTA(L11,XNAME,1) R}
C‘A_L W(Zvlsovl) I.‘
CALL. ZIW(1,1,17580,1400,0) - A
CAU_ ZPTXT(15,TITLE,1,15,16) Wy
CALL ZPTXT(B,NAME,1,111,16)
cALL ZPTXT(32,TITLE2,1,15,18) o
CALL ZEXTXT(0,0,0,0,0,1)
cAl. ZPU N
CALL ZPA(I3,14) “
CALL. A AEEL (12,5AMPLE) %
CALLL ZFINIS i
END j
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2 THIS IS THE FIRST SUBROUTINE CALLED WHEN USING THE (UBIC
% SPLINE METHOD.
Y ¥
% MDATA : THE ARRAY CONTAINING POTENTIAL AND LOG CLRFENT DENSITY '
% XDAT : THE ARRAY CONTAINING THE LOG OURFRENT VALLES FOR THE
. CATHODIC BRANCH '
] YDAT : THE ARRAY CONTAINING THE DERIVATIVES FOR THE CATHIDIC b
4 BRANCH d
x XDAT1 : SAME A XDAT BUT FOR THE ANODIC BRANCH ¢.
X YDAT1 : SAME AS YDAT BUT FOR THE ANODIC HRANCH o
x DIV  : THE AFRRAY CONTAINING THE DERIVATIVES WHIOH 1S BEING 3y
X RETURN FRM SUBSELENT CALLED SUBROUTINES a~
x 4
: THE INTEGER VARIABRES ACTUALLY USED IN THIS SLEROUTINE ARE \
* USED TO DEFINE THE FEGIONS WITHIN BOTH BRONCHES AVAILAKLE !
] FOR USE Ny
SUBROUTINE SLOPEL (MDATA,N, J,NAME AL ,A2,C1,C2)
REAL 34 XDAT (2000) , YDAT (2000) , XDAT1 {2000) , YDAT1 (2000) ;’q
REAL 38 MDATA(2000,2) ,DIV(1000) 2
INTEGER®2 1,J,N,K,MI,N3,N4,N1,K1,A1,A2,C1,C2 o~
CHARACTER NAESS, YNOESS, TI TLEZ$32, TI TLE3SS0 ::
N1 =N '~
YNAE = ‘Dv/Di’ I
TITLE? = "TAFEL. Q.OFES: QUBIC SPLINE' ,."
TITLE3=" o
&
(» THE CATHIDIC BRANCH IS OHECKED FUR &N INCREASE IN LOG oy
" CURFRENT DENSITY WHICH COULD CAUSE THE CALOULATION OF A i
c DERIVATIVE OF INFINTE SLOFE '

.{.{F

DD 20 I = J-1,2,-1

IF (MDATA(I-1,2) .LE. MDATA(I,2)) GOTO 25 >
20  CONTINE o~
K = MAX((J-250),1) .::‘_.
GOTO 26 iy
25 K=1 L3
26 Ml = J-9 -
J1l = K .:-'.
NS = ABS(K-MI) N
m=7 o
CALL. CSPLIN(MDATA,N,M,DIV,K,N3)
DO 100 I = 1,N3~-3 .!c;.
XDAT(1) = MDATA(J-4-1,2) o
YDAT(I) = DIV(NS-1+1) e
100  CONTINLE
':"h
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c THE ANDDIC BRANCH IS OEIXED FUR LUG CURRENT VALLES WHIOH ::
c LD CAUSE THE CALOULATION OF A DERIVATIVE OF INFINITE SLOPE :{_
9

\.“

00 120 1 = J+1,NL

IF (MDATA(I,2) .LE. MDATA(I-1,2)) GOTO 125
120 CONTINE
K = MIN((J+250),(N1))

AR, 5% 2

GOTO 126 1
125 K =1 e
126 J1 =14 (Y
M =K-9
NA = ABS(MI-J)
CALL CSPLIN(MDATA,N,M,DIV,J,N4) o
D0 200 I = 1,N4 A
XDAT1(1) = MDATA(J1+I+4,2)
YDAT1(I) = DIV(I) py
200 CONTINE »
CALL GRAPHL (XDAT, YDAT ,NG3,J ,NAME , XDAT1,YDAT1 ,N4 , YNOME , TITLE2,
+A1,A2,C1,02, TITLES) -
END -
ey (]
Y
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% THIS SUBROUTINE SETS UP THE MATRIX OF COEFFICIENTS TO
% HBE SOLVED IN ORDER TO DETERMINE THE DERIVATIVE USING THE ~y
s QUBIC SPLINE METHOD. '.é-;
] :
s MDATA : THE ARRAY CONTAINING POTENTIAL AND LOG CURRENT DENSITY R
s CMAT  : THE 7x7 MATRIX CONTAINING THE CUOEFF ICIENTS DY
] YMAT : THE 7x1 VECTOR CONTAINING THE RIGHT HAND SIDE (OF
% THE SYSTEM (F EQUATIONS. WHEN FETURNED FROM THE -
] SALVING SUBROUTINE 1T CONTAINS THE SOLUTION. ey
SUBROUTINE CSPLINE (MDATA,J ,M,DIV,K,MI) R
REALX8 XDAT(1000), YDAT(1000),MDATA(2000,2),YMAT(7)
REAL$8 OMWT(7,7),A1,BI,CI ®
FEFL$8 DIV(1000) o
INTECER®Y N,MI,K,J o
0101 = 1,7 >y
D0SJ=1,7 3
OWT(1,J) = 0.DO N
5 CONTINLE ',
10 CONTINE R
M=7 A
K = K-1 Ky
DO 200 N = 1,MI o
20 K=K+ 1 ~
ONT(1,1) = 2.DOS(MDATA(K+2,2)—MDATA(K,2))
ONT(1,2) = MDATA(K+2,2) ~ MDATA(K+1,2) -
aNT(7,7) = 2.D08(MDATA(K+8,2)MDATA(K+6,2)) phy
ONT(7,6) = MDATA(K+8,2)MDATA(K+7,2) o
ymaT(1)= ( (MDATA(K+2,1)-MDATA(K+1,1) )/ (MDATA(K+2,2)MDATA e
+(K+1,2))) - {(MDATA(K+1,1)-MDATA(K,1))/ (MDATA(K+1,2)-MDATA e
+(K,2))) .
YMAT(1) = YMAT(1)%4.
YMAT(7)=  ((MDATA(K+8,1)-MDATA(K+7,1))/ (MDATA(K+8,2)-MDATA )
+{(K+7,2))) — ((MDATA(K+7,1)-MDATA(K+6,1))/ (MDATA(K+7,2)-MDATA o
+(K+6,2))) o
YMAT(7) = YMAT(7)%6. N
DO 100 [ = 2,6 °
K=K +1 e
ONT(1,1) = 2.DO8( (MDATA(K+2,2)—MDATA(K,2))) -7
OMAT(1,1+1) = MDATA(K+2,2)MDATA(K+1,2) o
OWT(1,1-1) = MDATA(K+1,2) - MDATA(K,2) o
YMAT(1) = ((MDATA(K+2,1)—+MDATA(K+1,1))/ONT(I,1+1)) e
+—( (MDATA(K+1,1)-MDATA(K,1) ) /CAT(I,1-1)) ?'
YMAT(I) = YMAT(I)%6. A
100 CONTINLE .
K=K-95
CALL LINSY1(OMAT,YMAT,M) -
Al = YMAT(S) - YMAT(4) e
b Al
N
23
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AL AL/ ((6-00) x( (MDATA(K+E,2)MDATA(K+3,2))))
Bi YMAT(4)/2.D0
CI = (MDATA(K+4,1)MDATA(K+3,1) )/ (MDATA(K+4,2) MDATA(K+3,2))
CI = CI-(1/6)$( ((23YMAT (4) )+YMAT(5) ) s (MDATA(K+4,2) MDATA(K+
+3,2)))
DIV(N) = CI
200 C(ONTINE
END
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THIS SUBROQUTINE SALVES THE 7x7 SYSTEM OF EQUATIONS GENERATED

By CSPLIN.FOR. THE PROGRAM WAS ORIGINALLY FROM THE TEXTBOOK
"FORTRAN 77 for Engineers and Scientists” BY NYHOFF AND

LEESTMA, PACES 264-265. THE MAIN MIDIFICATION IS THE ELIMINATION
OF THE WRIAHE DIMENSIONING OF ARRAYS PRESENT IN THE ORIGINAL
PROGRAM.

SUBROUTINE LINSY1(COMAT, YMAT,N)
INTEGER N,PIVOT
REALSB AUG(7,8), COMAT(7,7), YMAT(7),X(7),MLT,TEMP
D021 =1, N
DO 10 J = 1,N
AB(1,J) = COMAT(1,J)
CONTINLE
COMTINUE
D30I =1,N
AUG(I,N+1) = YMAT(I)
CONTINLE
DO 70 I = 1,N-1
IF (AUG(1,1) .EQ. O.) THEN
PIVOT = O
J = I+1
IF ((PIMOT .EQ. O) .AND. (J .LE. N)) THEN
IF (AUG(J,1) .NE. 0.) PIMOT = J
J = J+1
GOTD 35
ENDIF
IF (PIVOT .EQ. O) THEN
PRINTS, ‘SINGLLAR’
110
ELSE
DO 40 J = 1,N+1
TEMP = AG(1,J)
AUG(1,J) = AUG(PIVOT,J)
AUG(PIVOT,J) = TEMP
CONTINLE
ENDIF
ENDIF
DO &0 J = [+1,N )
MAT = —AUB(J,1)/AG(1,1)
DO SO K = I,N+1
AG(J,K) = AUB(J,K) + MLTSAUG(I,K)
CONTINLE
CONTINLE

CONT INLE

X(N) = AUG(N,N+1)/AUG(N,N)

DO 90 J = N-1,1,-1 :
X(J) = AUG(J,N+1) )
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DO 80 K = J+1,N
X(J) = X(J)-(AUG(J.K)EX(K))
80 CONTINLE
X(J) = X(J)/AUGJ,J)
0 CONTINLE
DO 100 I
YAaT(I)
100 CONTINLE
END .
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% THIS SUBROUTINE CONVERTS A NLMERIC VARIBLE (X6) OF FORMAT
v % +/- XX.XXXX TO A CHARACTER VARIALE WHOSE WIDTH IS 8 CHARACTERS.
, 2 THIS IS NECESSARY AS THE PLOTMATICS LIBRARY IS NOT EQUIFFED WITH
oy s A SUBROUTINE FOR PLOTTING NUMERIC WARIALES.
3
-
w UBROUTINE CONV(A7,Xb)
» INTEGER 01,02,03,04,05,06
* OHARACTERSL A6(0:9), C1,02,C3,C4,05,66,C7,08,A738
Y A6(0) = 'O
<7 A6(1) = “1°
[ L' %(2) = ;2-
e AL(3) = °3°
R AB(4) = '4°
\ A6(5) = °5°
A, A6(L) = “6°
N as(7) = '7°
ek AL(B) = '8°
> AL(9) = 9"
e _
N.'j C1 =
N g _
'h_ =
'-' C4 =
oS =
£ cs -
~ c7 =
o IF (X6 .LT. 0.0) C1 = "~
- X6 = ABS(X6)
joon X1 = X&/10.
' 01 = IFIX(X1)
- X2 = X&-(10.%01)
7 az = IFIX(X2)
~ X3 = X6 - (10.301) - @2
oY X3 = x3/.1
N a3 = IFIX(X3)
< X4 = (X3-03)/.1 + .001
S 04 = IFIX(X4)
N X5 = (X4-04)/.1
j: 05 = IFIX(XS)
X7 = (X5-05)/.1
06 = IFIX(X7)
y DO 10 1 = 0,9
= IF (01 .EN. 1) 2 = As(])
. IF (2 .e[3. 1) C3 = A6(1)
.,,;. : IF (03 .EN. 1) C4 = As(])
o IF (D4 .EQ. 1) CS = AL(I)
. IF (05 .EQ. I) C& = AL(I)
N
e 133
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IF (06 .EQ. 1) C7 = A6(I)
CONTINLE

8= .

A7 = C1//C2//C3//CB/ /CA/ /CS/ /Ch/ /CT
RETURN

END
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THIS UBROUTINE SETS SOME OF THE O-WRACTER STRINGS USED
WHEN USING THE (ENTRAL DIFFERENCE METHOD

SUBROUTINE SOPE (MDATA.N,J ,NWE Al ,A2,C1,C2,N1,N2,N3,N4)
REAL3$4 XDAT (2000) , YDAT (2000) , XDAT 1 (2000) , YDAT 1 (2000)

REAL S8 MDATA(2000,2)

INTEGERS$2 1,J,N,Al,A2,C1,C2

OHARACTER NAMEAS, YNAMERS, TITLEZS32, LIST¥50, TITLE3S0

YNAE = ‘Dv/Di’

TITLE2 = ' TAFEL SLOPES: CENTRAL DIFFERENCE’

TITLES="

CALL DATADEL (MOATA,J,YDAT ,YDAT1 , XDAT , XDAT1 ,N2,N1)

CALL GRAPHI (XDAT,YDAT ,NS,.J ,NAME , XDAT1,YDAT1 NG, YNOWE , TITLEZ,

+A1,A2,C1,C2, TITLES)

END
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4 THIS SUBROUTINE CONDUCTS NUMERICAL DIFFERENTIATION USING

% THE 4 POINT CENTRAL DIFFERNCE METHOD.
: s MDATA = ARRAY CONTAINING POTENTIAL AND LOG 1 DENSITY s
. % AOPE = ARRAY CONTAINING DE/D(LOGI) AND LOG I .
x FOLOFE = CENTRAL DIFFERNCE DIFFERENTIATION "
2 ECORR1 = UPFERLIMIT OF ANODIC/CATHODIC DISTRIBUTION -
% ECORRZ = LOWERLIMIT OF ANODIC/CATHODIC DISTRIBUTION
x N = NUMBER OF DATA POINTS i
' * J = LOCATION WITHIN MDATA OF ECORR Ny
' * I = CATHODIC BRANCH LODP COUNTER ]
% K = ANODIC BRANCH LOOP COUNTER ]
X H = DIFFERENTIAL WALLE IN POTENTIAL N
% 11 = WALLE (F LOG I AT E-H i
‘ % 12 = WILLE OF LOG 1 AT E—* by
. s I3 = VWVUE OF UG I AT E N
‘ % 14 = WVALLE OF LOG 1 AT E+H !
. % 15 = VALLE OF LOG I AT E+2H .
% DEDI = SLOPE WALLE OF I3 Ny
SUBROUTINE DATADEL. (MDATA,J,YDAT,YDAT1, XDAT , XDAT1 ,N2,N1) ;
REAL38 MDATA(2000,2),X1,X2,X3,X4,X5,H,FSLOPE ,DEDI $
REAL¥4, XDAT1(1000),YDAT1(1000), YDAT(1000),XDAT(1000) ‘
: INTEGERY2 J,K, [ -
] FSLOPE (H,X1,X2,X%4,X5)=(X1+(8.D0%X4)—(8.D0%X2)-X5)/(12.D08%H) e
; c PERFURMING CALOUL CATIONS ON CATHODIC BRANCH z
.
K=0 b
DO 100 1 = J-2,N1+2,-1 p'e
K = K+l b
H = MDATA(I,1) - MDATA(I-1,1) 5
. X1 = MDATA(1-2,2) 1
. X2 = MDATA(I-1,2) .
3 X3 = MDATA(I,2) -
X4 = MDATA(I1+1,2) N
X5 = MDATA(1+2,2) .
DEDI = 1.DO/FSLOPE(H,X1,X2,X4,X5)
YDAT(K) = DEDI N
: XDAT(K) = MDATA(I,2) :
) 100 CONTINLE

I1 =0

c PEFRFORMING CALOLATIONS ON THE ANCDIC HRANCH

200 DO 300 K = J+2, N2-2 ‘
I +1

I
H = MDATA(K+1,1) - MDATA(K,1)

TTIRGE NNy WS
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X1 = MDATA(K-2,2) fad)
X2 = MDATA(K~1,2) o~
X3 = MDATA(K,?2) Ny
X4 = MDATA(K+1,2) *
) X5 = MDATA(K+2,2) e
DEDI = 1.DO/FSLOPE(H,X1,X2,X4,X5) ~5
YDATL(I) = DEDI >
XDATL(I) = MDATA(K,2) ~
300 OONTINLE "~

400 RETURN e
END .
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